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Chapter 1. General introduction 
There is now global agreement that excess body weight or body fat is 
an important risk factor for mortality and morbidity from cardiovascular 
diseases (mainly heart disease and stroke), type 2 diabetes mellitus, several 
types of cancer (endometrial, breast, and colon) and musculoskeletal 
disorders (especially osteoarthritis: a highly disabling degenerative disease 
of the joints). These cause nearly 3 million deaths every year all over the 
world [1–5].  
Though obesity may be defined as the degree of fat storage, body 
mass index (BMI), which is a simple index of weight-for-height, is 
commonly used to classify overweight and obesity in adults, because fat 
mass is difficult to measure. It is defined as weight (kg) divided by the 
square of height (m) (kg/m2). The World Health Organization (WHO) 
definition is that a BMI greater than or equal to 25 indicates overweight 
and a BMI greater than or equal to 30 indicates obesity [6].        
Finucane et al. [7] systematically analyzed health examination surveys and 
epidemiological studies with 960 country-years and 9.1 million participants 
to estimate trends in BMI. They found that the worldwide prevalence of 
obesity in 2008 was nearly twice that in 1980. According to them, between 
1980 and 2008, mean BMI worldwide increased by 0.4 kg/m2 per decade 
for men and 0.5 kg/m2 per decade for women. As a result, in 1980 the 
age-standardized prevalence of obesity was 4.8% for men and 7.9% for 
women, by 2008 that number has more than doubled to 9.8% in men and 
13.8% in women. In 2008, an estimated 1.46 billion men and women older 
than 20 years were overweight. It represents an age-standard prevalence of 
34.3%. Of these, over 200 million men and nearly 300 million women were 
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obese. The WHO [4] reported that overweight and obesity were the fifth 
leading risks for global deaths and were responsible for 5% of deaths 
globally. Again, at least 2.8 million adults die each year as a result of being 
overweight or obese. In addition, 44% of the diabetes burden, 23% of the 
ischaemic heart disease burden and between 7% and 41% of certain cancer 
burdens are attributable to overweight and obesity. Prospective Studies 
Collaboration [5] reported that above a BMI of 22.5 to 25 kg/m2, each    
5 kg/m2 of higher BMI were associated with about 30% higher cause of 
mortality: 40% for vascular, 60 to 120% for diabetic, renal, and hepatic, 
10% for neoplastic, and 20% for respiratory and for all other mortality as a 
result of collaborative analyses of 57 prospective studies with almost 
900,000 adults. Rates of overweight and obesity are projected to increase in 
almost all countries and by 2015, it is estimated that over 1.5 billion people 
will be overweight [8]. In order to prevent further degeneration of this 
situation, an anti-obesity initiative at global, regional and local levels is 
essential.  
 
In Japan obesity or metabolic syndrome evokes the image of 
middle-aged people, and in fact, how one spends one’s early life is 
important for one’s later life. There are several reports suggesting the 
importance of efforts to control body weight or fat at younger ages      
[1, 9, 10]. Hubert et al. [1] mentioned the importance of weight control in 
youth and the benefits of weight reduction in obesity because (1) certain 
risk factors correlated more strongly with relative weight at younger than 
older ages, and (2) weight gain after young adulthood was positively and 
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significantly associated with cardiovascular disease risk that could not be 
attributed either to the initial weight or the levels of the risk factors that 
may have resulted from weight change. VanItallie and Lew [9] revealed 
that obesity occurring early in life affected intervening risk factors such as 
diabetes and hypertension much more strongly than that occurring later in 
life. Moreover, the increase in mortality rates in relation to relative weight 
increase is more significant in men and women younger than 50 years than 
in older persons, and the increase associated with the duration of obesity is 
more significant [10]. These findings indicate some sort of action should be 
taken to prevent obesity in youth.  
 
On the other hand, underweight which is defined as a BMI less than 
18.5 is becoming another problem in Japanese young females [11–13]. 
According to the results of the National Health and Nutrition Survey, the 
percentage of underweight among young females aged 20 to 29 years has 
been over 20% since the survey of Year 2000. The latest results of Year 
2011 National Health and Nutrition Survey, 21.9% of female in their 20s 
are underweight [14]. Concerning this trend, Sugawara et al. [12] reported 
that the drop in BMI or leanness among Japanese young females (late teens 
to early 20s) became apparent in the 1970s. The National Health and 
Nutrition Survey of Year 2011 also revealed that these young females 
expected to lose weight from exercise [14]. These results reflect their high 
interest in body weight or a change of body weight. Not only in Japan, the 
desire for being thin among young females is widespread and greater than 
that of other age groups [15, 16]. Underweight or the desire for thinness 
4 
 
 
 
Chapter 1. General introduction 
among young females is becoming an issue worldwide and the fashion 
industry made some actions considering the social implication of fashion 
models to young women [17, 18]. Although health problems related to 
underweight are less studied than that of obesity, harmful effects of 
underweight in young females, such as decreased bone density, irregular 
menstruation or ‘low iron’ are reported [13, 19]. Furthermore, previous 
studies also suggested that underweight in females of childbearing age or 
pre-pregnancy is a risk factor for intrauterine growth-restricted or 
low-birthweight infants [20–23]. These findings indicate that it is important 
to inspire young females to maintain their healthy weight in terms of both 
obesity and underweight. 
 
As mentioned earlier, a BMI is a popular measurement of obesity and 
underweight. However, the importance of controlling body fat percentage is 
emphasized since overweight and obesity are defined as abnormal or 
excessive fat accumulation and BMI classification is controversial. 
The WHO [6] mentioned that BMI classification should be considered 
a rough guide because it may not correspond to the same degree of fatness 
in different individuals. In fact, there are many studies indicating that the 
relation between BMI and body fat percentage depends on age and sex, and 
differs across ethnic groups [24–31]. Concerning these reports, the WHO 
Expert Consultation [32] reviewed several studies showing that Asian 
populations have different associations between BMI, body fat percentage, 
and health risks than do European populations. In conclusion they 
recommended that the current WHO BMI cut-off points should be retained 
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as the international classification. However, these facts highlight body fat 
percentage as an important factor and of course a BMI is useful and widely 
used to assess obesity. 
There are many studies about body fat percentage and some 
researchers observed the seasonal changes in it [33–36].         
Yamashita et al. [33] surveyed the seasonal variations in body fat 
percentage among young Japanese university students based on sex and 
regional differences. They found that there is a significant seasonal change 
in body fat percentage among female university students living in 
metropolitan areas, where it is higher in winter and lower in summer.   
Mori et al. [34] and Umemiya [35] also reported that body fat was lower in 
summer than in winter. In addition, Yamashita and Muto [36] concluded 
that only the seasonal factor significantly contributed to changes in body fat 
percentage and it is not clear what makes these differences or what effect it 
has. Their findings led the authors to think that investigating a natural or 
adaptive rhythm of the body of human being and causes of these seasonal 
variations might be helpful for young women to maintain their healthy 
weight. 
Thus in the present thesis, the author explored the three factors as 
perspective of physiological anthropology: fasting respiratory quotient 
(RQ), daily physical activity and food consumption pattern. The author 
conducted this series of studies in several seasons and countries focusing 
on the relationship to seasonal variations of body fat percentage and 
globalization of food intake. 
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Concerning seasonal changes, Tsumura and her colleagues [37–39] 
measured seasonal variations in the amount of unabsorbed dietary 
carbohydrates from the intestine after breakfast in female university 
students in three countries; Japan (in 2003 to 2004), Poland (in 2004 to 
2005) and Thailand (in 2008) as part of the authors’ investigations of the 
relationship between human physiology and living environment. In their 
studies, the results in Japan and Poland showed carbohydrate absorption in 
the intestine was better in autumn than in winter. This is consistent with the 
seasonality of insulin secretion reported by Haus et al. [40] with normal 
subjects living in Minnesota (located in central-north in USA), where 
insulin responses to the three meals were in the following order: autumn > 
summer > spring > winter. These circannual changes in human insulin 
response might be explained with the findings by Tsumura et al. [37–39]. 
The more the intestine absorbs carbohydrates in autumn, the higher the 
blood sugar levels elevate after meals, then the more insulin is released into 
the blood.  
Here, since there seem to be seasonal differences in other hormone in 
the body as well as insulin then may be seasonal differences in the balance 
of carbohydrate/fat metabolism? In the study by Tsumura et al. [38], they 
referred to the previous study by Griffith finding a circannual rhythm of 
human RQ showing that RQ was highest from the middle of summer to the 
middle of autumn in Buffalo, USA. Since RQ is an indicator of the ratio of 
carbohydrates and fat oxidized, the authors postulated that the seasonal 
variation of RQ is somehow related to that of body fat percentage. 
Moreover, Tsumura et al. [37–39] found that the efficiency of dietary 
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carbohydrate absorption in the intestine may depend on the season and/or 
the climatic zone where people live, because in Chiang Mai, tropical 
Thailand, there was no seasonal change in the efficiency of dietary 
carbohydrate absorption in the intestine unlike in the case of Japanese and 
Polish participants.  
 
Here, Table 1-1 summarizes the general health profiles of Japan, 
Poland and Thailand. These data and previous studies indicate that obesity 
is an important health problem in Poland and Thailand as well [47, 48]. In 
Poland, an increase in obese women was observed; moreover, the obesity 
occurred more frequently in female and most commonly in the age group 
40 to 60 years [47]. Kantachuvessiri [48] also reported that the prevalence 
of obesity in Thailand was higher than that in the past and significant 
associations between older age group and obesity. These facts revealed that 
three countries are in similar conditions from the viewpoint of prevalence 
of obesity. These also show the importance of establishing measures to 
maintain healthy weight not only in Japan but also in the other countries 
and prompted the authors to conduct the international study to get some 
tips on it. 
 
The results of Tsumura et al. [37–39], as mentioned above, made the 
authors speculate that people living in different regions have different 
seasonally changing patterns in the balance of carbohydrate/fat metabolism 
and a different response to environmental or evolutional changes. In order 
to confirm the authors’ postulates, the authors examined seasonal variations 
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in RQ after an overnight fast, body fat percentage, and body weight with 
female university students living in Osaka (Japan), Poznan (Poland) and 
Chiang Mai (Thailand) (Chapter 2).  
 
In Chapter 3, the authors examined energy expenditure that also 
relates to the change of body composition. Overweight or obesity develops 
when one’s intake of energy is consistently greater than one’s energy 
expenditure. In most people, energy intake and expenditure match each 
other to within a fraction of one percent over a reasonably long period, 
whereas they may differ considerably from day to day. This means many 
people who are overweight have become so over a period of many years of 
gradual accumulation [49]. Frayn [49] concluded that for majority of obese 
people, the cause of obesity is not a defect in energy expenditure but a rate 
of energy intake that is greater than normal, because (1) on average, obese 
subjects had higher rates of energy expenditure than subjects of normal 
weight, and (2) single-gene defects were discovered in markedly obese 
children and those discovered were all genes involved in the pathways of 
appetite regulation rather than of energy expenditure. However, he added 
that if there were a lack of physical activity, which might lead to lower 
energy expenditure per unit of fat free mass than normal, the situation 
would be made worse. Similarly, Trevathan et al. [50] noted when our 
evolved bodies are mismatched with the foods we eat and the levels of 
energy expended in our daily lives, obesity occurs. It means that both 
energy intake and expenditure, especially physical activity which is the 
largest variable component of daily total energy expenditure, are the keys 
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for causing obesity.  
When the authors tried finding what causes the seasonal changes of 
body fat percentage, physical activity was found to be considerable factor. 
Concerning the relationship between physical activity and body fat 
percentage, Buchowski et al. [51, 52] and den Hoed and Westerterp [53] 
reported negative association between body fat percentage and dairy 
physical activity measured by a triaxial accelerometer. Ekelund et al. [54] 
also found a significant negative relation between body fat percentage and 
physical activity level. Moreover, there is a broad consensus on the 
seasonal variations of physical activity. Physical activity increases from 
winter to spring or summer [55–57]. Similarly, total activity in men and 
women [58] and the daily steps [59] increased during the summer in 
comparison to winter. In the review by Shephard and Aoyagi [60], they 
summarized it as many groups among people of all ages increasing their 
physical activity from winter to spring or summer.  
These reports prompted the authors to examine the variations between 
body fat percentage, BMI and daily physical activity among the 
participants by measuring these factors several times in a year with 
Japanese and Thai students who belonged to the same group as those 
participating in the authors’ previous research on RQ (Chapter 2). The 
authors showed the effect of daily physical activity on the seasonal change 
in body fat percentage and BMI of the Japanese and Thai university female 
students in this chapter. 
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In Chapter 2, the authors also investigated macronutrient intake which 
might have some relation to RQ or body composition. There is a lot of 
research into seasonal variation in energy or nutrient intake and their 
opinions are divided unlike in regard to physical activity. No significant 
seasonal variation in total energy intake (kcal/d) was reported          
by Hartman et al. [61], Owaki et al. [62], Shahar et al. [55], and    
Ockene et al. [56]. On the other hand, De Castro [63] reported that total 
caloric intake (kcal/d) varied by seasons which increased in autumn 
compared to other seasons and Doyle et al. [64] found similar results 
among the elderly. Not significantly, others also observed slight seasonal 
changes in total energy intake [57].  
Concerning the intake of protein, there was no significant seasonal 
variation in the ratio of energy intake from proteins in Japanese [61]. A 
longitudinal observational study for adults in US revealed that the 
percentage of calories from protein remained essentially stable throughout 
the year as well [57]. Similarly, Shahar et al. [55] found that the mean daily 
intake of protein didn’t change significantly in men. De Castro [63] also 
reported that there was no significantly change in protein intake (kcal), 
although suggestive changes were present though. And more, there was no 
significant seasonal variation in protein intake (g) among older 
middle-aged men, even when significantly seasonal changes in mean daily 
intake of food groups were observed [61]. On the other hand, the protein 
intake of the elderly tended to be higher in autumn [64].  
In the SEASONS study [56], calories from fat (%) didn’t demonstrate 
significant seasonal changes as Owaki et al. [62] also found among 
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Japanese. Hartman et al. [61] also said that there was no significant 
seasonal variation in either fat (g) or fat as % of energy. De Castro [63] 
reported that there was no significant change in fat intake (kcal), although 
suggestive changes were shown. Others reported clear seasonal changes in 
the intake of fat. Increase of fat intake in winter and spring in relation to 
that in autumn was reported by Przysiężna and Banachowicz [65] with 
female students of the Wroclaw University of Economics. Shahar et al. [55] 
found similar results that the mean daily intake of total, saturated, 
polyunsaturated and monounsaturated fat and cholesterol increased in 
winter compared to summer whereas triglycerides levels decreased in 
winter among men. For adults in the US, the fat percentage of total energy 
intake was highest in the fall [57].  
Hartman et al. [61], Owaki et al. [62], and Shahar et al. [55] reported 
that there was no significant seasonal variation in carbohydrate intake.   
De Castro [63] reported that carbohydrate intake (kcal) varied by seasons 
which increased in autumn compared to other seasons. In the study by  
Ma et al. [57] the carbohydrate percentage of total energy intake was 
highest in the spring.  
As we have seen, the findings have been inconsistent, and there are 
few studies of seasonal change of food intake targeting young Japanese, 
thus the authors also examined them among young female students. 
 
In Chapter 4, the authors focused on nutrient intake which plays an 
important role in causing overweight or obesity. In Chapter 2 and 3, the 
authors looked into the relationship between body fat percentage and 
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variables, but this chapter featured the field survey of food consumption 
which is another side of leading the change of body composition. 
Concerning seasonal variation of energy intake, the authors conducted the 
research in Chapter 2. Thus, in this chapter, the authors described the 
change of food intake as a long-term ‘westernization’ of diets.  
The westernization of diets has played a part in obesity and metabolic 
syndrome [66]. In the urban Mexican population, participants in the upper 
category of the westernized dietary pattern were more likely to be obese 
(OR, 1.46; 95% CI: 1.23 to 1.173; P-trend < 0.001) and have abdominal 
obesity (OR, 1.64; 95% CI: 1.37 to 1.96; P-trend < 0.001) [67]. Increased 
consumption of more energy-dense, nutrient-poor foods with high levels of 
sugar and saturated fats has led to a rise in obesity rates [68]. Some 
researchers reported that the prevalence of metabolic syndrome and 
diabetes is increasing in Okinawa [69, 70]. They suggested that the main 
cause of the recent rapid prevalence of those problems in Okinawa is the 
popularization of a westernized lifestyle which is supported by the 
proliferation of supermarkets and motorization under the cultural influence 
of the presence of US forces. Tanaka et al. [69] reported that the  
metabolic syndrome rate in Okinawa was 30.2% in men and 10.3% in 
women, and half of the men aged over 40 years were obese in 2004. Not 
only in Okinawa, but across the country, owing to the westernization of 
lifestyles, fatty and sweetened foods have become much more readily 
available in Japan. Matsushita et al. [71] found that preference for a rich 
and heavy taste and a sweet taste to be associated with weight gain in 
adults. This trend of an increasing in chronic diseases due to a changing 
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lifestyle including dietary habits in Japan was predicted by the study from 
the viewpoint of nutritional epidemiology conducted from the 1960s    
[72, 73]. These facts indicated that the progression of dietary habit from 
Japanese traditional foods to westernized foods has had an influence on the 
health of Japanese people.  
These trends of dietary patterns are observed not only in Japan, but 
also in European countries, where traditional food is replaced with ready to 
eat industrial products and fast foods. Such changes in dietary habits were 
also observed in the Polish population and have been accompanied by 
public health problems in the Polish people. The percentage of overweight 
and obese boys and girls aged 7 to 18 years had doubled between 1971 and 
2000 (7.5% and 6.5% in 1971 to 15.2% and 11.8% in 2000, respectively 
[74]). And the rates of overweight and obese for adults aged 35 to 65 years 
increased from 28% and 18% (men and women, respectively) in 1984 to 
29% and 22% in 1993 [75].  
Following these reports, the authors had an interest in (1) how deeply 
westernization has spread in dietary habits among nutritionally educated 
young people, and (2) any differences between the countries, especially 
Asian (Japan) and European (Poland). Then, the authors analyzed the food 
group intake data and the dietary patterns of female Japanese and Polish 
university students, in more detail than the food intake research in the study 
of Chapter 2, and particularly in respect of diet westernization. This food 
consumption data was obtained by a food frequency questionnaire (FFQ) 
during the comparison of seasonal variation in the fasting RQ of young 
Japanese and Polish women (Chapter 2). In Chapter 4, the authors 
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described the comparison of food consumption patterns and westernization 
of diet among the two subject groups. 
 
In Chapter 5, the author presented the authors’ conclusions and made a 
proposal regarding the maintaining one’s healthy weight from the 
viewpoint of the present thesis. 
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Table 1-1. Summary of the health profiles of Japan, Poland and 
Thailand. 
 Japan Poland Thailand 
Life expectancy at birth (years) 
Male 80 71 66 
Female 86 80 74 
Both sexes 83 76 70 
Adult risk factors (%) 
Raised blood glucose (aged 25+) 
Male 7.2 8.2 7.3 
Female 4.7 6.9 7.1 
Raised blood pressure (aged 25+) 
Male 26.4 41.3 24.6 
Female 16.7 33.0 20.2 
Obesity (aged 20+) 
Male 5.5 22.9 4.9 
Female 3.5 22.9 11.8 
Tobacco use (aged 15+) 
Male 42.0 36.0 45.0 
Female 12.0 25.0 3.0 
Three leading cause of death† 
1 Malignant neoplasms Cardiovascular diseases Malignant neoplasms 
2 Cardiovascular diseases Malignant neoplasms HIV/AIDS 
3 Pneumonia Unintentional injuries Unintentional injuries 
Data of life expectancy and tobacco use referred to 2009. Data of raised blood glucose 
and pressure and obesity referred to 2008 [41–43]. † Data of Japan, Poland and Thailand 
referred to 2011, 2011 and 2009, respectively [44–46].  
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Chapter 2. The fasting respiratory quotient and body fat percentage 
2-1 Introduction 
 
There is a Japanese saying, ‘the autumn climate is so good that even 
horses get fat’. This means that the autumn harvest season, especially for 
the Japanese staple food (rice), is the time when people stockpile food in 
order to survive severe winters when food is less available. This is also the 
time horses are fed hay to fatten them. From a human evolutionary 
viewpoint, it is generally accepted that storage of energy-rich fats is more 
efficient in periods of food abundance so as to survive food shortages. The 
function of this fat storage mechanism is to have a source of energy 
available for times when food is scarce or difficult to find, or when animals 
hibernate [1]. It is well-known that hibernating mammals are able to store 
large amounts of energy-rich fat before hibernation, and part of the 
mechanism is assumed to be accomplished by an increase in adipose tissue 
lipoprotein lipase [2]. In addition, Tsumura et al. [3, 4] found there are 
similar seasonal changes in the efficiency of dietary carbohydrate 
absorption in the intestine among Japanese and Polish participants. These 
indicate the physiological functions we obtained in the Paleolithic era have 
been maintained until now, like human genomes. Our genetic make-up, 
shaped through millions of years of evolution, determines our nutritional 
and activity needs and has remained largely unchanged since the 
agricultural revolution 10,000 years ago [5].  
Previously, Yamashita et al. [6, 7] found that there is a significant 
seasonal change in body fat percentage among Japanese female university 
students living in metropolitan areas, where it is higher in winter and lower 
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in summer and concluded that only the seasonal factor significantly 
contributed to changes in body fat percentage. These also suggest that 
modern young Japanese people still have an intrinsic physiological 
mechanism to control body fat storage according to seasonal changes in 
their living environment. 
As the factor likely to have some impact on body fat percentage, the 
authors focused on RQ: an indicator of the ratio of carbohydrate and fat 
oxidized. Then the authors measured RQ, body composition and food 
intake with female students in three metropolitan cities located in different 
climate zones, Osaka (Japan), Poznan (Poland) and Chiang Mai (Thailand), 
same as Tsumura et al. [3, 4, 8] to know the seasonal variation of RQ and 
its correlation to seasonal changes in body fat percentage. Monthly mean 
temperature and precipitation in the year of the RQ examination and the 
average in the years of 1981 to 2010 are summarized in Table 2-1. 
 
2-2 Methods 
 
2-2-1 Participants 
 
Because some people have irregular breathing (for example, 
hyperpnoea), the authors first examined the RQ of 40 (in Japan), 44     
(in Poland) and 39 (in Thailand) healthy female university students in April 
and May, at the start of a one year examination (2008 in Japan, 2009 in 
Poznan and Chiang Mai). Hereafter, each month the measurements were 
carried out will be abbreviated to three characters. Based on the 
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participants’ breathing stability judged by the monitoring of expiratory 
minute volume (VE) on the metabolic analyzer, the authors selected 30, 33 
and 32 students for measurement over the course of one full year as paid 
participants in Japan, Poland and Thailand, respectively. All participants in 
the three countries were non-smokers and healthy based on self-definition 
with no history of metabolic disorders. The participants were female 
university students belonging to the Universities of the authors (the Faculty 
of Human Life Science at Osaka City University in Japan; the Faculty of 
Food Science and Nutrition at Poznan University of Life Sciences in 
Poland; and the Faculty of Medicine at Chiang Mai University in Thailand). 
The number of participants who completed participation in all four seasons 
(some were forced to retire from the examination after participation in Apr 
and May due to personal reasons or disease) was 30 in Japan, 32 in Poland 
and 30 in Thailand. From among them the authors excluded six, two, and 
three participants respectively from further data analysis due to observation 
of RQ values over 1.00 or under 0.70 (normal range: 1.00 to 0.70) in one 
season’s examination. Table 2-2 shows participants’ mean age, height 
(recollected value in Thailand), body weight, body mass index and body fat 
percentage of the participants whose RQ and other data were subjected to 
further analysis (24 Japanese, 30 in Polish and 27 Thai participants). 
Participants underwent the RQ measurement in the follicular or luteal 
phase of their menstrual cycles (not during their menstrual period) because 
Paolisso et al. [10] reported that no significant difference was found in the 
fasting RQ values throughout the different phases of the menstrual cycle. In 
addition, the authors also confirmed in the authors’ preliminary 
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examination, using Japanese female students belonging to the same 
department as that of the participants participating in this study, that there 
was no significant difference in the fasting RQ values between those in the 
follicular phase and the luteal phase. 
The authors explained the purpose of the study and the procedures 
involved to all the participants before they gave their written consent to 
participate. This was done according to the protocol approved by the 
Research Ethics Committee of the Graduate School of Human Life Science, 
Osaka City University (approval No. 08/01), Poznan Medical Ethics 
Committee, Poznan University of Medical Sciences (approval No. 
344/2009), and the Research Ethics Committee 3 of the Faculty of 
Medicine, Chiang Mai University (approval No. 074/2009). These three 
approvals are based on the principles of the Helsinki Declaration of the 
World Medical Association and the conduct of the research adhered to the 
ethical principles and standards of chronobiological study [11]. 
 
2-2-2 Experiment protocol and measurements 
 
In this study, the authors used the same experimental protocol and the 
same model of measuring instruments, including indirect calorie 
calorimetry and electric bioelectrical impedance analysis scale, in Japan, 
Poland and Thailand. Figure 2-1 shows the experiment protocol. Each 
participant was requested to have her evening meal by 10 p.m. on the day 
before participation in the RQ examination. The authors gave no 
suggestions on the menu for the meal, but strongly requested that they have 
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no snacks or caffeinated beverages between their evening meal and 
completion of the examination on the morning of the following day. 
Usually, three participants were examined in a morning: the first 
entered the room at 8 a.m., the second at 8.20 a.m. and the third at 8.40 a.m. 
The participants remained sedentary in an air-conditioned examination 
room under normal fluorescent lamps (300 to 400 lux) until the end of the 
experiment. Approximate average room temperatures of the examination 
rooms were controlled to around 24 °C to 26 °C in Japan, 21 °C to 22 °C in 
Poland and 24 °C to 25 °C in Thailand. 
For the first 30 min after entering the room, participants were 
requested to allow measurement of their body fat percentage (including 
body weight) without their outer wear and to fill out a short questionnaire 
concerning, for example, hours of sleep and time of their last evening meal. 
Each participant was also asked to fill out the FFQ for the previous month. 
During this 30 min period between entering and measurement of RQ, 
participants’ breathing returned to normal and they acclimatized to the 
atmosphere of the room. Body weight was measured to the nearest 0.1 kg 
using an Omron HBF-352-W electric scale (Omron Corporation, Kyoto, 
Japan). In this study, participants were weighed in their usual clothing 
without their outer wear, and a correction of 1.0 kg was made to account 
for the weight of this clothing. The body fat percentage was measured 
using an Omron HBF-352-W electric bioelectrical impedance analysis 
scale. 
Fasting RQ was measured with the participants in their post absorptive 
state (after 12 hours or more fasting before RQ measurement) in         
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a sedentary position. RQ measurements were carried out by means of 
indirect calorimetry using the mixing chamber method with a Portable Gas 
Monitor AR-1 (type 4, Arco System, Chiba, Japan) connected to         
a facemask. The gas analyzer in this system is equipped with a galvanic 
battery type oxygen sensor and infrared absorption type carbon dioxide 
sensor. It was calibrated through two steps: air calibration and precise 
calibration using a standard gas containing 4.95% carbon dioxide balanced 
with nitrogen. In this system, calculated VE (L/min), oxygen uptake 
(mL/min), carbon dioxide production (mL/min) and RQ (at one minute 
intervals) were shown in real time in the display area. The authors 
measured the RQ for 15 min while the participant’s breathing was stable by 
monitoring of RQ on the display. Therefore, RQ values are expressed as 
mean RQ values per minute. Careful maintenance of this machine 
guarantees accuracy of RQ value to two decimal places. 
 
2-2-3 Food intake survey 
 
In order to evaluate average food intake (in this paper the authors 
described carbohydrate, fat and protein intakes) of the young female 
university students in Osaka, Japan and Poznan, Poland, the authors applied 
the FFQ method, but the exact questionnaires used in each country were 
different because the authors had to refer to the Food Composition Table of 
each country in order to calculate nutrient intake. The authors asked 
healthy female university students, including the participants, for the RQ 
measurement (100 Japanese participants and 111 Polish participants) to 
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answer the questionnaire. The authors asked the students to answer 
questions about their diet history for one month before the day they 
answered the questions. In the Japanese center, the authors applied the Diet 
History Questionnaire system, where the participant’s nutritional intake 
was calculated using an ad hoc computer program (DHQBox system 2008, 
EBNJapan, Tokyo, Japan) developed by Sasaki et al. [12]. In the Polish 
arm, the food intake survey was conducted using an FFQ prepared for this 
project based on its brief version as described by Wozniewicz et al. [13]. 
(In Thailand, because a validated FFQ method was not available for Chiang 
Mai when the authors started RQ measurement in 2009, the authors 
prepared a FFQ citing 121 northern Thai foods. This FFQ has not been 
validated by other food intake survey methods yet, therefore the authors did 
not present food intake data of Thai participants in this paper.) 
The protein, fat, carbohydrate and alcohol intakes were calculated as 
energy-adjusted nutrient intakes, which indicate the nutrient composition of 
the diet by regressing nutrient intakes on total energy [14]. The ratio of 
carbohydrate to fat intake (C/F ratio) was calculated by dividing the 
percentage of carbohydrate intake by the percentage of fat intake (see Table 
2-3). In this paper, the authors only show the results of the food intake 
survey of the participants who participated in the RQ and the body fat 
percentage measurements. A further detailed analysis of the food intake 
survey of over 100 participants, including the participants for the RQ 
measurement, will be presented in Chapter 4. 
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2-2-4 Data analysis 
 
All data were expressed in terms of means ± SD. The authors analyzed 
seasonal variations in the fasting RQ values, the body fat percentage, body 
weight and nutrient intake (in Japan and Poland) by one-factor (season) 
repeated measure analysis of variance (ANOVA) followed by post hoc 
multiple comparison tests using the Bonferroni method in each country. 
The correlation between the variables such as the fasting RQ value, body 
fat percentage, energy intake, fat intake, carbohydrate intake and C/F ratio 
within the participant was analyzed by multiple regression with repeated 
observations [15]. The P value < 0.05 (two-sided) was considered to be 
statistically significant. 
 
2-3 Results 
 
As described in the Participants section, the authors analyzed 
seasonality of the fasting RQ values, the body fat percentage and body 
weight of the 24, 30 and 27 participants (in Japan, Poland and Thailand, 
respectively) who could participate in all four periods. Table 2-4 
summarizes the mean and standard deviations of the fasting RQ values, the 
body fat percentage and body weight (measured weight minus 1 kg of 
clothes) of the participants in the three populations and in the four seasons 
with indication of statistical differences. Interactions of the two factors, 
country and season, in the seasonal change in the fasting RQ values was 
shown graphically and two-factor (country and season) analysis of variance 
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showed a borderline value, (F (6, 234)  =  1.989, P  =  0.068). Therefore,   
the authors analyzed the seasonal variation of the variables described above 
by one-factor (season) repeated measure analysis of variance followed by 
post hoc multiple comparison tests using the Bonferroni method in each 
country. 
 
2-3-1 Fasting respiratory quotient 
 
Figure 2-2 depicts seasonal variation in the fasting RQ values of 
Japanese, Polish and Thai participants. One-factor (season) repeated 
measures analysis of the variance of the RQ values in the four seasons  
(Apr to May of 2008 to Jan to Feb of 2009) of Japanese participants 
showed that there was a significant seasonal variation in the fasting RQ 
values, (F (3, 69) = 4.957, P = 0.004). Post hoc multiple comparison tests 
indicated that the RQ values in Apr to May and Jul to Aug were 
significantly lower than in Jan to Feb (P = 0.043 and 0.033, respectively). 
The RQ value in Apr to May was not significantly different from those in 
Jul to Aug and Oct to Nov (P = 1.000 and P = 0.240, respectively). The RQ 
value in Oct to Nov was not significantly different from those in Jul to Aug 
and Jan to Feb (P  =  0.193 and P  =  1.000, respectively). In Polish 
participants, there was no significant seasonal variation in the fasting RQ 
values, (F (3, 87) = 0.666, P = 0.575). In addition, there was no significant 
seasonal variation in the fasting RQ values, (F (3, 78) = 0.331, P = 0.803) 
in Thai participants. 
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2-3-2 Body fat percentage and body weight 
 
Figure 2-3 shows seasonal variation in the body fat percentage of 
Japanese, Polish and Thai participants. One-factor (season) repeated 
measures analysis of the variance of the body fat percentage of Japanese 
participants showed that there was a significant seasonal variation in the 
body fat percentage, (F (3, 69)  =  5.787, P  =  0.001). In addition, the post 
hoc multiple comparison indicated that the body fat percentage in       
Jul to Aug was significantly lower than those in Apr to May (P  =  0.002), 
Oct to Nov (P = 0.033) and Jan to Feb (P = 0.003). In Polish participants, 
there was a significant seasonal variation in the body fat percentage,     
(F (3, 87)  =  9.332, P  <  0.0005). The post hoc multiple comparison 
indicated the body fat percentage in Jul to Aug was significantly lower than 
those in Oct to Nov (P < 0.0005) and Jan to Feb (P  =  0.008).           
In Thai participants, there was a significant seasonal variation in the body 
fat percentage, (F (3, 78) = 4.427, P = 0.006). Post hoc multiple comparison 
indicated that body fat percentage in Jul to Aug was significantly lower 
than that in Oct to Nov (P = 0.042). 
In Table 2-4, the authors summarize seasonal variation in the body 
weight of Japanese, Polish and Thai participants. One-factor (season) 
repeated measures analysis of the variance of body weight of Japanese 
participants indicated that there was no significant seasonal change      
(F (3, 69) = 2.029, P = 0.118). In Polish participants, there was a significant 
seasonal variation in body weight, (F (3, 87) = 4.072, P = 0.009). The post 
hoc multiple comparisons showed body weight in Jul to Aug was 
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significantly lower than that in Oct to Nov (P = 0.010). In Thai participants, 
there was no significant seasonal variation in body weight, (F (3, 78)  = 
1.193, P = 0.318). 
 
2-3-3 Energy, macronutrient intake and carbohydrate to fat intake 
ratio 
 
Energy, protein, fat and carbohydrate intakes and C/F ratios of 
Japanese and Polish young female university students who participated in 
the RQ measurement are summarized in Table 2-3. As the FFQ analyzing 
systems that the authors used in Japan and Poland have been verified by a 
direct food intake survey [12, 13], the authors subjected food intake values 
of each participant to the statistical analysis to determine their seasonality. 
In Japanese participants, there was no seasonal variation in any 
variables: total energy intake (F (3, 69) = 0.838, P = 0.478), protein intake 
(F (3, 69)  =  1.753, P  =  0.164), fat intake (F (3, 69)  =  0.686, P  =  0.564), 
carbohydrate intake (F (3, 69) = 1.167, P = 0.329), or C/F ratio (F (3, 69) = 
0.786, P = 0.506). 
In Polish participants, there was no significant seasonal variation in 
total energy intake (F (3, 87) = 0.636, P = 0.594). Protein intake (F (3, 87) 
=  4.186, P  =  0.008) and fat intake (F (3, 87)  =  2.887, P  =  0.040) 
demonstrated significant seasonal changes but a post hoc multiple 
comparison test showed no significantly difference among the seasons. As 
for the seasonality of the C/F ratio, there was no significant variation    
(F (3, 87)  =  2.659, P  =  0.053) while a post hoc multiple comparison test 
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showed there was significant difference between that of Apr to May and 
that of Jul to Aug (P = 0.035). There was a significant seasonal change in 
carbohydrate intake (F (3, 87) = 3.667, P = 0.015), where the carbohydrate 
intake in Apr to May was significantly lower than that in Jul to Aug     
(P = 0.019) with a post hoc multiple comparison test. 
 
2-3-4 Correlation between the variables measured in this study 
 
The authors calculated correlation coefficients within participants 
between the fasting RQ values and the body fat percentage, and those with 
the variables of the food intake survey in this study, by multiple regression 
with repeated observations. Table 2-5 shows the results of these analyses 
and indicated that there were no significant correlations within participants 
between any pairs of variables. 
 
2-4 Discussion 
 
Before discussion of the present results, the authors will describe the 
meteorological characteristics of the three cities, Osaka, Poznan and 
Chiang Mai, and the definition of fasting RQ from the point of 
carbohydrate and fat metabolism. 
Table 2-1 shows the monthly mean temperature and precipitation in 
the years of 1981 to 2010 (the average) and the year of the RQ examination. 
On average, the authors can categorize each two-month period according to 
the order of mean temperatures as follows: in Osaka (Japan) and Poznan 
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(Poland); Jul to Aug (the hottest season, summer), Oct to Nov (autumn), 
Apr to May (spring) and Jan to Feb (the coldest season, winter). In Chiang 
Mai, they were categorized according to monthly mean temperatures and 
precipitation: Apr to May (hot season), Jul to Aug (rainy season),      
Oct to Nov (dry season), and Jan to Feb (dry and cool season). According 
to the World map of Koppen-Geiger climate classification [16], Osaka is 
located in a warm oceanic climate zone, Poznan is in the continental 
climate zone, and Chiang Mai is in a tropical monsoon climate zone. 
The definition of the fasting RQ value is the RQ value in the post 
absorptive state, where the post absorptive state is typically represented by 
the state after an overnight fast before breakfast is consumed. In this phase, 
all of the meal has been absorbed from the intestinal tract [17]. In this study, 
participants came to the experimental room from their residences by their 
usual means of transportation having performed their usual physical 
activities before the RQ examination, but having fasted for 12 hours or 
more. Their RQ values were therefore classed as fasting RQ values in 
everyday life. In a post absorptive state, the concentrations of glucose and 
insulin are at their lowest and the concentration of non-esterified fatty acids 
is at its highest in a day [18]. In this study, the authors neglected the 
contribution of protein oxidation to total RQ values by not measuring urea 
excretion because nutrients oxidized in well-nourished people are mostly 
carbohydrates and fat [19]. In addition, it is important to note that, in this 
post absorptive state, glucose that enters the blood is almost exclusively 
from the liver (a proportion arises from glycogen breakdown and a 
proportion from gluconeogenesis) and non-esterified fatty acids are 
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released by the action of hormone-sensitive lipase on the triacylglycerol 
stores in adipose tissue. Therefore, the nutritional composition of food 
ingested in the previous day or the day before (in a short-term) does not 
directly affect the fasting RQ values. 
 
2-4-1 Seasonal variation in the fasting respiratory quotient values 
 
There was a significant seasonal variation in the participants in Osaka, 
and the mean RQ value in Jul to Aug was significantly lower than that in 
Jan to Feb (the lowest mean value in the four seasons); those values were in 
the order of Jan to Feb > Oct to Nov > Apr to May > Jul to Aug. Table 2-5 
shows the bivariate correlation of the fasting RQ and four items of food 
intake survey, indicating no correlation between them in Japanese 
participants. This lack of correlation between the RQ values and the items 
of food intake suggests that the nutritional composition of foods ingested 
had no effect on the fasting RQ values in the long-term in Japanese 
participants. In addition, there were no seasonal change in energy, fat or 
carbohydrate intake, as well as C/F ratio (see Table 2-3). These facts 
indicate that there are some factors other than food intake affecting the 
seasonal variation in the fasting RQ values. 
Using the RQ values obtained in this study, the authors can calculate 
and estimate the ratio of fat oxidation to the total oxidation of carbohydrate 
and fat by the following equation: (1.00 − RQ)/(1.00 − 0.70). Application 
of this equation gives the ratios of carbohydrates metabolized to fat 
metabolized in the four seasons in the participants in Osaka as follows:  
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Jan to Feb (0.46: 0.54), Oct to Nov (0.44: 0.56), Apr to May (0.37: 0.63) 
and Jul to Aug (0.34: 0.66). These ratios indicate that relatively more fat 
were metabolized in Jul to Aug (summer) and Apr to May (spring) 
compared to in Oct to Nov (autumn) and Jan to Feb (winter). These results 
agree with several reports about human seasonal variation in fasting serum 
glucose and triglyceride levels. For example, Behall et al. [20] observed 
that fasting serum glucose level was in the order of Dec to Feb  >  Sep to 
Nov  >  Mar to May >  Jun to Aug in in young women living in California, 
USA and Gordon et al. [21] reported that there was a significant fall in 
triglyceride level from summer to winter in participants living in London, 
UK. This seasonality reported in the fasting serum glucose and fat levels is 
consistent with the seasonal variation in the fasting RQ values observed in 
this study; in winter, the more fasting serum glucose there is, the more 
glucose is metabolized and the higher the obtained fasting RQ values are. 
In contrast, in summer, the more fasting triglyceride there is, the more fat is 
metabolized, the lower the obtained RQ values are. There are, however, 
few reports about seasonality in fasting serum glucose and plasma 
triglyceride levels of modern Japanese young female participants. In order 
to make it clear that the authors’ postulation described above is one of the 
possible mechanisms of the seasonal variation in the fasting RQ values 
observed in Japanese participants, the authors need further examination of 
seasonal variation in fasting serum glucose and triglyceride levels of the 
Japanese population, and seasonal change in longer-term control of gene 
expressions related to carbohydrate and fat metabolism. 
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In the participants of Poznan, as described in the report of    
Tsumura et al. [6], there was significant seasonal variation in the efficiency 
of carbohydrate absorption in the intestine similar to that of Japanese 
participants; however, there was no significant seasonal variation in the 
fasting RQ values in this study. The authors’ speculation, described in the 
Background, is that seasonal change in the efficiency of carbohydrate 
absorption in the intestine may have a relationship with the balance of 
carbohydrate and fat metabolism as observed in Japanese participants. 
Comparison of the fasting RQ value between Japanese and Polish 
participants shows that the mean RQ value of Polish participants in Jul to 
Aug was relatively higher than that of the Japanese participants. These 
higher RQ values in Jul to Aug might result in a non-significant seasonal 
variation in the fasting RQ values. One possible reason for the observed 
relatively higher RQ values in the summer period might be related to the 
significantly higher carbohydrate intake during Jul to Aug periods (see 
Table 2-3), on the assumption that this affects the carbohydrate and fat 
metabolism accompanied by other seasonal factors, such as changes in 
temperature and/or light intensity, which are peculiar to Polish living 
environments. Here, the authors can refer to studies by Plasqui et al. [22] 
and Oshiba [23], who reported that seasonal environmental changes affect 
total thyroxine or thyroid-stimulating hormone levels that influence human 
metabolic rate (probably the carbohydrate/fat metabolism). Of course the 
authors need to have more evidence concerning this assumption. 
In Thai participants, there was no seasonal variation in the fasting RQ 
values. This could be explained by the authors’ previous finding that there 
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was no significant seasonal variation in the AUCD of young female Thai 
university students [8]. 
 
2-4-2 Seasonal variation in the body fat percentage and its relation to 
the seasonality in the fasting respiratory quotient values 
 
In this study, the authors analyzed the body fat percentage measured 
by an electric bioelectrical impedance analysis scale to provide an 
estimation of the relationship between the seasonality of fasting RQ values 
and that of the body fat percentage in each population. The lack of a simple 
and international standard method for evaluation of exact body composition 
constituted a limitation to the authors’ study. 
In Japanese participants, the seasonality of the body fat percentage 
decreased in the order Jan to Feb > Oct to Nov > Apr to May > Jul to Aug. 
The body fat percentage in the period of Jul to Aug was significantly lower 
than that in the other three periods. As described in the Introduction section, 
Yamashita et al. [6] found that there was a significant seasonal change in 
the body fat percentage among female university students living in 
metropolitan areas, where it is highest in winter and lowest in summer, 
which is consistent with the results obtained in this study. In addition, a 
similar seasonality of body fat percentage was reported by Mori et al. [24]. 
They investigated seasonal change of fat mass in thirteen women of 20 to 
30 years old using magnetic resonance imaging and reported that body 
weight, body fat percentage, the subcutaneous fat mass and subcutaneous 
fat thickness of the abdomen were highest in January and lowest in July. 
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These previous reports and the authors’ present result suggest that modern 
young Japanese females still have some regulatory mechanism of fat 
accumulation according to seasonal changes in their circumstances. This 
mode of seasonal changing in the body fat percentage, decreasing in spring 
to summer and increasing in autumn to winter, was similar to that of the 
fasting RQ values in Japanese participants. 
This similarity in seasonal changes between the fasting RQ values and 
the body fat percentage observed in Japanese participants may represent a 
possible physiological mechanism. The authors postulate that Japanese 
participants may metabolize more fat to lose fat storage in the hot season, 
but metabolize more carbohydrate to save fat for storage in the colder 
season under an almost constant energy intake and expenditure, as 
described in the Introduction section. This constancy was shown in Table 
2-3, which demonstrated that there was no significant seasonal variation in 
the energy intake of Japanese participants, and by the authors’ previous 
study, which showed there was no significant seasonal variation in the 
normal daily physical activity of Japanese university female students, as 
measured by a small accelerometer [3]. The authors’ hypothesis might be 
supported by a report concerning the seasonal variation in adipose tissue 
lipoprotein lipase, which provides free fatty acids for storage in adipocytes; 
where it was higher in winter than in summer as observed in participants in 
Colorado, USA [25]. In order to examine this postulation, the authors 
calculated within-participant correlation coefficients between the fasting 
RQ values and the body fat percentage, on the assumption that the 
correlation will be significant if the authors’ postulation is one of the 
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possible regulatory mechanisms. However, Table 2-5 shows that there was 
no significant correlation within participants between the fasting RQ values 
(as the independent variable) and the body fat percentage (dependent 
variable) in Japanese participants. This result indicates that seasonal 
variation in the balance of carbohydrate and fat metabolism has no 
significant effect on the seasonality in the body fat percentage. 
In Polish participants, there was a significant seasonal variation in the 
body fat percentage; the order was that of Oct to Nov > Jan to Feb > Apr to 
May  >  Jul to Aug. This mode of changing was very similar to that of 
Japanese participants, where the body fat percentage was the lowest in Jul 
to Aug and relatively higher in Oct to Nov and Jan to Feb. To examine the 
correlation between the seasonality in the fasting RQ values and the body 
fat percentage in Polish participants, the authors calculated correlation 
coefficient values within participants and found that there was no 
significant correlation between them (Table 2-5). This result, together with 
that of Japanese participants, contradicts the authors’ postulation. In this 
correlation analyses, however, the correlation coefficient values of 
Japanese and Polish participants were nearly close to 0.200 (which is 
generally accepted as the least value suggesting very weak correlation). 
The borderline probability in both participant groups may allow the authors 
to speculate that there was a big seasonal effect on the balance of 
carbohydrate and fat metabolism, and so on fat accumulation, in our 
ancestors long ago, but the effect has become so small that it no longer has 
any influence on our body fat percentage, particularly because our 
ancestors spent their daily life in a much more food-scarce and less 
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artificial environment than the modern human population. Modern human 
beings, especially those living in cosmopolitan areas, are surrounded by 
artificial environments, such as the constant temperature provided by 
air-conditioning and foods available at any time. This speculative theory is 
supported by other examples of the loss of seasonality in our metabolic 
physiology: Nakamura et al. [26] reported that seasonal variations in basal 
metabolic rate were getting small, especially in indoor sedentary workers; 
and Maeda et al. [27] reported that there was no seasonal variation in the 
basal metabolic rate in university students. These authors considered that 
the improvement of air-conditioning influences the artificial microclimate 
and might reduce the seasonal variation in the basal metabolic rate of the 
Japanese population. 
One more possible factor that affected the present correlation analysis 
is the participants’ degree of obesity (or leanness). There is a possibility 
that the serum non-esterified fatty acid level relates to the amount of fat 
storage in the adipose tissue, that is, the degree of obesity. The authors 
should have analyzed within-participant correlation coefficients between 
the fasting RQ values and the body fat percentage, but the authors could 
not analyze the correlation statistically under the stratification of the degree 
of obesity due to the small number of the participants participated in this 
study. 
In Thai participants, there was also a significant seasonal change in 
the body fat percentage; the order was that of Oct to Nov > Jan to Feb > Jul 
to Aug > Apr to May. It is noteworthy that there was a common feature of 
the mode of seasonal change in the body fat percentage in the three 
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different populations, where that body fat percentage was relatively lower 
in the hot season than in the colder seasons. (In Chiang Mai, the hotter 
season is Apr to May while the colder season is Jan to Feb, see Table 2-1.) 
Regarding body weight, there was a significant seasonal change in the 
Polish participants’ body weight, which was in the same order as that in the 
body fat percentage. There were, in contrast, no significant seasonal 
changes in those of Japanese and Thai participants, although there were 
significant seasonal changes in the body fat percentage. This could be 
explained by the fact that the authors measured the participants’ body 
weight including their clothes (without their outer wear). The body weight 
without clothes of Japanese and Thai participants were lower than those of 
Polish participants, so that the even a small seasonal change in the weight 
of the clothes worn would affect body weight. The authors are now 
re-investigating the seasonal change in body composition, including the 
body fat percentage, body weight and muscular mass, of Japanese and Thai 
participants wearing the same clothes for every examination throughout a 
year. 
 
2-4-3 Seasonal variation in macronutrient intake 
 
As summarized in Table 2-3, the results of macronutrient intakes of 
the two participant groups reflected characteristics of Japanese and Polish 
dietary habits. Polish participants take in more energy, protein and fat than 
Japanese participants do, while Japanese participants take in more 
carbohydrates than Polish participants do. Detailed discussion about the 
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present food intake survey in Japanese and Polish participants will be 
published elsewhere, using food intake records of 100 Japanese and 111 
Polish participants. The points discussed here are the seasonal changes in 
fat and carbohydrate intake, in addition to those in the C/F ratio. As shown 
in Table 2-3, there was no significant seasonal variation in the C/F ratio in 
Japanese participants. Owaki et al. [28] reported similar results, with no 
significant seasonal variation in total energy intake or in the ratio of energy 
intake from protein, fats and carbohydrates (similar to C/F ratio). In Japan, 
the disappearance of a seasonal variation in food intake has accelerated in 
recent years due to rapid development of the food transportation system 
and food production control including intensive culture by house and 
frozen storage. 
In Polish participants, the C/F ratio in Apr to May was significantly 
lower than that in Jul to Aug, which reflected a significant decrease in the 
percentage of total energy from carbohydrate intake, and a non-significant 
increase in energy from fat intake Apr to May. This increase in fat intake in 
spring (and in winter) was also reported by Przysiężna and Banachowicz 
[29] with female students of the Wroclaw University of Economics. Their 
percentage of fat intake in the total energy intake was 32% in winter, 32% 
and 30% in autumn. This increase in fat intake may be related to the effect 
of high-fat diet on thermal acclimation proposed by Yoshimura et al. [30] 
as a metabolic adaptation to cold temperatures in winter. Therefore, the 
authors should take into account the effect of ingestion of food rich in fat 
on the increase in the body fat percentage in the colder seasons in Polish 
participants. These facts may be reflected in the relatively higher 
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correlation coefficient within participants (although not significant) 
between the fat intake (as independent variable) and the body fat 
percentage (dependent variable) in Table 2-5. 
 
2-5 Conclusions 
 
The authors found that there were different seasonal variations in the 
fasting RQ values in the three different populations. There was a significant 
seasonal variation in the fasting RQ values in the Japanese participants, 
while those in Polish and Thai participants were non-significant. In 
addition, the authors found that there were significant seasonal changes in 
the body fat percentage in the three populations but the authors could not 
find any significant correlation between the fasting RQ values and the body 
fat percentage. 
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Table 2-1. Monthly mean temperature and precipitation in Osaka, 
Poznan and Chiang Mai. 
Apr May Jul Aug Oct Nov Jan Feb 
Osaka, Japan 
Temperature 
(°C) 
15.4 
 (15.1) 
20.0 
 (19.7) 
28.7
 (27.4)
28.4
 (28.8)
19.6
 (19.0)
13.4  
(13.6)
6.5 
(6.0) 
7.9
(6.3)
Precipitation 
(mm) 
144.0 
 (103.8) 
219.0 
 (145.5) 
124.0 
(157.0)
82.0
 (90.9)
62.0 
(112.3)
50.0  
(69.3)
73.0 
(45.4) 
95.0
(61.7)
Poznan, Poland 
Temperature 
(°C) 
12.1  
(8.7) 
13.6  
(13.9) 
19.5
 (18.9)
19.6
 (18.3)
7.5
 (8.9)
6.6
 (3.8)
−6.5 
(−0.9) 
−1.0
(0.0)
Precipitation 
(mm) 
20.0 
 (31.6) 
86.0  
(48.1) 
86.0 
(74.3)
24.0
 (58.5)
52.0
 (32.4)
35.0
 (34.6)
28.0 
(33.3) 
18.0
(28.4)
Chiang Mai, Thailand 
Temperature 
(°C) 
29.6 
 (29.3) 
28.5 
 (28.7) 
27.8 
(27.5)
28.0
 (27.3)
27.4
 (26.5)
25.1
 (24.3)
24.2 
(22.0) 
24.5
(24.0)
Precipitation 
(mm) 
98.0 
 (57.9) 
142.0 
 (158.8) 
124.0 
(135.4)
126.0
 (208.4)
223.0 
(117.6)
0.0  
(58.5)
22.0 
(4.1) 
0.0
(9.5)
The figures shows monthly mean temperature and precipitation in the year of the RQ 
examination and those in parenthesis are the average of 1981 to 2010. These data were 
obtained from the metrological information of Japan Meteorological Agency 
(http://www.data.jma.go.jp/gmd/cpd/climatview_jp/index.html [9]). 
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Table 2-2. Characteristics of the participants. 
 Japanese (n=24) Polish (n=30) Thai (n=27) 
Age (years) 18.3 ± 0.6(18 to 20) 
21.0 ± 1.4
(19 to 23) 
22.9 ± 2.7 
(18 to 27) 
Height (cm) 160.0 ± 5.6(152.8 to 174.5) 
168.9 ± 6.8
(150.0 to 181.5) 
159.1 ± 5.3 
(149.0 to 170.0) 
Weight (kg) 49.8 ± 5.5(39.6 to 58.6) 
58.2 ± 7.7
(46.3 to 74.6) 
46.7 ± 5.6 
(38.9 to 60.3) 
Body mass index (kg/m2) 19.5 ± 2.0(16.8 to 23.7) 
20.4 ± 2.2
(17.3 to 25.2) 
18.4 ± 2.0 
(15.7 to 22.8) 
Body fat (%) 22.5 ± 3.9(13.1 to 29.7) 
24.4 ± 3.9
(17.0 to 36.0) 
22.9 ± 3.7 
(16.6 to 29.8) 
The values are mean, standard deviation, and range of characteristics. These values 
were obtained when the examination started, in Apr to May 2008 for Japan and Apr to 
May 2009 for Poland and Thailand. 
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Table 2-3. Summary of nutrients intake and carbohydrate to fat intake 
ratio of Japanese and Polish participants. 
Month Energy intake 
(kcal) 
Protein E
(%) 
Fat E 
(%) 
Carbohydrate E 
(%) C/F ratio
Japanese (n=24)     
Apr to May 1685.2 ± 429.5 14.1 ± 2.0 29.0 ± 7.4 56.4 ± 7.6 2.12 ± 0.79
Jul to Aug 1745.1 ± 441.1 13.9 ± 2.0 28.8 ± 4.3 56.7 ± 4.7 2.03 ± 0.45
Oct to Nov 1716.3 ± 479.4 13.8 ± 1.5 27.4 ± 5.0 58.6 ± 4.9 2.24 ± 0.62
Jan to Feb 1608.0 ± 493.2 14.6 ± 2.0 28.1 ± 5.1 56.6 ± 5.8 2.11 ± 0.57
Polish (n=30)     
Apr to May 1858.5 ± 406.8 16.2 ± 2.3 33.5 ± 5.5 48.9 ± 6.0a 1.53 ± 0.42a
Jul to Aug 1856.7 ± 674.4 15.4 ± 2.2 30.7 ± 3.8 52.7 ± 4.1a 1.76 ± 0.34a
Oct to Nov 1846.3 ± 576.4 14.8 ± 2.5 32.6 ± 6.3 51.0 ± 7.7 1.68 ± 0.66
Jan to Feb 1742.1 ± 561.0 15.1 ± 2.2 33.1 ± 5.3 50.2 ± 6.2 1.58 ± 0.42
The values are mean and standard deviation. The C/F ratio is expressed by as the 
percentage of energy from carbohydrate intake divided by the percentage of energy 
from fat intake. These values are those of Japanese and Polish participants who 
participated in RQ and body fat examination. a Means sharing a common superscript 
letter are significantly different, P < 0.05. C/F ratio: carbohydrate to fat intake ratio. 
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Table 2-4. Summary of the mean and standard deviations of the 
measurements. 
Month Fasting RQ Body fat (%) Weight (kg) 
Japanese (n=24) 
Apr to May 0.812 ± 0.034a 22.5 ± 3.9a 49.8 ± 5.5 
Jul to Aug 0.802 ± 0.055b 20.7 ± 4.4abc 49.1 ± 5.1 
Oct to Nov 0.833 ± 0.040 23.3 ± 5.1b 49.4 ± 5.7 
Jan to Feb 0.838 ± 0.045ab 23.5 ± 4.3c 50.1 ± 6.3 
Polish (n=30) 
Apr to May 0.816 ± 0.035 24.4 ± 3.9 58.2 ± 7.7 
Jul to Aug 0.811 ± 0.043 23.9 ± 3.8ab 58.0 ± 7.7a 
Oct to Nov 0.816 ± 0.040 25.3 ± 3.8a 59.1 ± 8.3a 
Jan to Feb 0.823 ± 0.035 25.1 ± 3.8b 58.3 ± 7.9 
Thai (n=27) 
Apr to May 0.807 ± 0.055 22.9 ± 3.7 46.7 ± 5.6 
Jul to Aug 0.817 ± 0.058 23.0 ± 3.7a 46.3 ± 5.6 
Oct to Nov 0.811 ± 0.040 23.8 ± 3.3a 46.8 ± 5.8 
Jan to Feb 0.807 ± 0.035 23.8 ± 3.6 46.7 ± 5.4 
The values are mean and standard deviation. Participants were weighed in their usual 
clothing without their outer wear, and a correction of 1.0 kg was made to account for the 
weight of this clothing. a-c Means sharing a common superscript letter are significantly 
different, P < 0.05. 
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Table 2-5. Bivariate correlation of respiratory quotient, body fat 
percentage and nutrient intake. 
Independent 
variable 
Dependent 
variable 
Regression 
slope 
Correlation coefficient 
within participants 
P 
Japanese (n=24)    
Energy intake (kcal) RQ 0.000 0.062 0.604 
Fat (%) RQ 0.000 0.036 0.763 
Carbohydrate (%) RQ 0.000 0.025 0.834 
C/F ratio RQ 0.005 0.058 0.625 
RQ %BF 13.360 0.189 0.108 
Energy intake (kcal) %BF −0.001 −0.119 0.314 
Fat (%) %BF 0.009 0.014 0.908 
Carbohydrate (%) %BF −0.048 −0.076 0.522 
C/F ratio %BF −0.162 −0.027 0.820 
Polish (n=30)    
Energy intake (kcal) RQ 0.000 0.131 0.217 
Fat (%) RQ −0.001 −0.088 0.409 
Carbohydrate (%) RQ 0.001 0.112 0.291 
C/F ratio RQ 0.009 0.102 0.335 
RQ %BF 8.349 0.192 0.068 
Energy intake (kcal) %BF 0.000 0.066 0.533 
Fat (%) %BF 0.063 0.188 0.075 
Carbohydrate (%) %BF −0.040 −0.136 0.198 
C/F ratio %BF −0.697 −0.179 0.090 
Thai (n=27)    
RQ %BF −4.629 −0.159 0.154 
C/F ratio: carbohydrate to fat intake ratio; %BF: body fat percentage; RQ: respiratory 
quotient. Correlation between the variables within the subject was analyzed by multiple 
regression with repeated observations. P < 0.05 was considered to be statistically 
significant. 
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Subject enters 
the room 
8:308:0020:00 
Day 0 Day 1  
⋅ Measuring percent body fat and body 
weight 
⋅ Filling out a short questionnaire and 
FFQ 
Measuring RQ 
Subject finishes 
supper 
 
Figure 2-1. Experimental protocol.  
The protocol was the same in the four seasons and in the three populations. 
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Figure 2-2. Seasonal variation in fasting RQ values of Japanese, Polish 
and Thai participants.  
Broad and narrow bar show mean value and SD, respectively. Closed circle: Japanese; 
open circle: Polish; triangle: Thai. 
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Figure 2-3. Seasonal variation in the body fat percentage of Japanese, 
Polish and Thai participants.  
Broad and narrow bar show mean value and SD, respectively. Closed circle: Japanese; 
open circle: Polish; triangle: Thai. 
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3-1 Introduction 
 
In previous research (Chapter 2), the authors could not find any 
significant correlation between seasonal changes in the balance of 
carbohydrate/fat metabolism and body fat percentage among Japanese, 
Polish and Thai participants. It suggests the effect of an intrinsic 
mechanism such that seasonal changes in the balance of carbohydrate and 
fat metabolism have become so small that it no longer has so much 
influence on body fat percentage compared to what our ancestors had. Then 
the authors focused on energy expenditure which is related to obesity [1, 2] 
or the change of weight and examined the variations between body fat 
percentage, BMI and daily physical activity among the participants by 
measuring these factors several times a year with Japanese and Thai 
students who belonged to the same group as those who had participated in 
the authors’ previous research (Chapter 2). The aim of this chapter is to 
show the effect of daily physical activity on seasonal changes in the body 
fat percentage and BMI of Japanese and Thai university female students.  
 
3-2 Methods 
 
3-2-1 Participants 
 
22 Japanese and 27 Thai female university students participated in this 
study as paid participants. All participants were non-smokers and healthy, 
according to their self-assessment. The participants were female university 
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students attending the universities of the authors (the Faculty of Human 
Life Science at Osaka City University in Japan and the Faculty of Medicine 
at Chiang Mai University in Thailand) and their general description is 
shown in Table 3-1. Comparison of the items listed in Table 3-1 between 
these two sample groups shows there were no significant differences except 
for the measured percentage of body fat (t (47)?=?2.300, P?=?0.026). The 
authors explained the purpose of the study and the procedures involved to 
all the participants before they gave their written consent to participate 
according to the protocol approved by the Research Ethics Committee of 
the Graduate School of Human Life Science, Osaka City University 
(Approval No. 08/01) and the Research Ethics Committee of the Faculty of 
Medicine, Chiang Mai University (Approval No. Bio-11-02-21-12-X).  
 
3-2-2 Experiment protocol and measurements 
 
The participants’ body fat percentage, body weight and BMI were 
measured and calculated by a segmental multifrequency bioelectrical 
impedance meter (InBody430, Biospace Japan Inc., Tokyo, Japan) in both 
samples. Measurements were carried out in the morning after an overnight 
fast wearing the same toweling dress of 0.5 kg throughout the examination 
(with Japanese participants) or without their outerwear (with Thai 
participants). The height of each participant was measured to the nearest 
0.1cm by a usual scale. Daily physical activity was measured on seven 
consecutive days before the day of body composition measurement by 
means of a uniaxial accelerometer (Lifecorder EX, Suzuken, Nagoya, 
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Japan), which was attached to the participant’s waist from the time they 
woke up until they went to sleep. The daily step count of the participants 
stored in the accelerometer was computed by its software for the analysis 
(Lifelyzer 02 Pro, Suzuken, Nagoya, Japan). In Japan, the authors 
measured body composition every month from May (2010) to Jan (2011) 
and monitored daily physical activity in May, Jul, Oct (2010) and Jan 
(2011). In Thailand, body composition and daily physical activity were 
measured in Apr, Jun, Aug, Oct, Dec (2011) and Jan (2012).   
 
3-2-3 Data analysis 
 
Changes in the variable through the measuring periods (temporal 
change) were analyzed by one-factor (measuring time) repeated measure 
ANOVA followed by post hoc multiple comparison tests using the 
Bonferroni method. Multiple regression was used to determine the 
variations between the variables such as body fat percentage, BMI, and 
number of steps per day according to the reference ‘Calculating correlation 
coefficients with repeated observations: Part 1—correlation within 
subjects’ of Bland and Altman [3]. The P value < 0.05 (two-sided) was 
considered to be statistically significant. These analyses were performed 
using the Statistical Package for the Social Sciences version 16.0 (IBM 
SPSS, Chicago, IL, USA).  
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3-3 Results 
Table 3-2 shows the temporal changes in the body fat percentage, 
BMI and daily step counts of the two sample groups. One factor repeated 
ANOVA showed significant changes in the body fat percentage, BMI and 
daily step counts of Japanese participants (F (8, 168) = 9.741, P = 0.000,  
F (8, 168) = 6.533, P = 0.000, F (3, 63) = 4.138, P = 0.010, respectively). 
In Thai participants, there were no significant seasonal changes in the body 
fat percentage nor BMI, (F (5, 130) = 0.826, P = 0.533, F (5, 130) = 0.109, 
P = 0.990, respectively). There was, however, a significant seasonal change 
in daily step counts (F (5, 130) = 6.043, P = 0.000). Table 3-3 summarizes 
the results of the multiple regression analyses of the variables measured in 
this study. Between the body fat percentage and daily step counts, 
significant and moderate negative correlation was found among Japanese 
participants, but not among Thai participants. The authors observed 
significant, moderate and positive correlations between the body fat 
percentage and BMI among Japanese and Thai participants. 
 
3-4 Discussion 
 
In this study, the authors adopted steps taken per day as an indicator of 
the daily physical activity of Japanese and Thai participants because Swartz 
et al. [4] reported that steps taken per day recorded by Lifecorder EX 
provided more beneficial and reliable feedback on physical activity level 
rather than kilocalories calculated based on the thermic effect of food, 
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physical activity energy expenditure, and an estimation of basal metabolic 
rate developed on Japanese participants. In terms of the main purpose of 
this study, to show the effect of daily physical activity on the seasonal 
changes in the body fat percentage and BMI of the Japanese and Thai 
female university students, the authors obtained different results among the 
two samples. In Japanese participants there was a significant temporal 
change in the body fat percentage whose changing pattern was the same as 
that observed in the authors’ previous study (Chapter 2). As shown in Table 
3-3, a significant and negative association between the body fat percentage 
and the steps per day was observed among Japanese participants. 
Considering no significant correlation between the energy intake (kcal/day) 
and the body fat percentage among Japanese participants observed in the 
authors’ previous study (Chapter 2), the converse relationship between the 
temporal changing pattern of the step counts and that of the body fat 
percentage and significant negative correlation between them observed in 
this study may indicate that daily physical activity plays an important role 
in the seasonal variation of body fat percentage observed in the authors’ 
previous and the present study for Japanese female students.   
In contrast to the results of the Japanese participants, there was no 
significant seasonal change in the body fat percentage or correlation 
between the body fat percentage and the steps per day among Thai 
participants. No significant correlation between the body fat percentage and 
the steps per day may be explained by less daily physical activity as well as 
the shorter time or strength of physical activity than those of Japanese 
participants; den Hoed and Westerterp [5] reported that body fat percentage 
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was negatively associated with total daily physical activities, especially 
with the length of time for physical activities of higher intensity. When the 
authors compared the data collected by Lifecorder EX, the mean number of 
steps of Thai students through the observation period was significantly 
lower than that of Japanese students (see Table 3-2). This low daily 
physical activity may be a major factor for no seasonal change in the body 
fat percentage of Thai participants. The lesser amount of daily physical 
activity of Thai students compared to that of Japanese students could be 
explained by the difference in their lifestyle. Thai co-authors reported that 
most of Thai participants were living in the university dormitories and 
some were living in houses in the town of Chiang Mai, usually using 
motorcycles or cars to travel to the university. Concerning the relationship 
between the daily step counts and the transportation means of the university 
students, Oie et al. [6] reported, though about the Japanese students, that 
the students living in a rural area who usually use their car to commute 
tended to take fewer steps than those living in an urban area. 
In addition to the difference in daily physical activity between the two 
samples described above, difference in the climate change between the two 
cities could not be ignored as a factor influencing the seasonal change in 
daily physical activity (hence in their percentage of body fat) of the two 
sample groups. As mentioned in the previous study by Tsumura et al. [7], 
Thailand has a warm, tropical climate affected by an annual monsoon and 
the annual average temperature in Chiang Mai is around 26 °C and the 
mean monthly temperature is relatively constant when compared to that of 
Japan (the difference in the temperature is less than 8 °C in Chiang Mai, in 
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contrast to more than 20 °C in Osaka). This constancy of the air 
temperature in Chiang Mai may contribute to less seasonal change in the 
daily physical activity compared to that of Japanese participants because a 
change in climate change influences daily physical activity [8]. 
From the point of view of obesity prevention, in this study the authors 
found significant and positive correlation between the body fat percentage 
and BMI among both Japanese and Thai participants. On this topic several 
studies have also reported the positive relationship between body fat 
percentage and BMI but the relationship is ethnic-specific [9]. Of course 
the authors should consider the contribution of lean body weight to body 
weight (and BMI [10]), the authors’ present study confirmed the 
importance of daily physical activity for controlling BMI and for the 
prevention of obesity.   
 
Summary of Chapter 2 and 3 
 
From the viewpoint of human physiological adaptability, the authors 
previously investigated seasonal variation in the amount of unabsorbed 
dietary carbohydrates from the intestine after breakfast in Japanese, Polish 
and Thai participants. In this investigation the authors found that there were 
significant seasonal variations in the amount of unabsorbed dietary 
carbohydrates in Japanese and Polish participants, while the authors could 
not find significant seasonal variation in Thai participants. These facts 
prompted the authors to examine seasonal variations in the RQ after an 
overnight fast (an indicator of the ratio of carbohydrate and fat oxidized 
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after the last meal) with female university students living in Osaka (Japan), 
Poznan (Poland) and Chiang Mai (Thailand). The authors enrolled 30, 33 
and 32 paid participants in Japan, Poland and Thailand, respectively, and 
measurements were taken over the course of one full year. The fasting RQ 
was measured with the participants in their post absorptive state (after 12 
hours or more fasting before the RQ measurement). The RQ measurements 
were carried out by means of indirect calorimetry using the mixing 
chamber method. Body fat percentage was measured using an electric 
bioelectrical impedance analysis scale. The food intake analysis of the 
participants in Osaka and Poznan was carried out by the FFQ method. 
There were different seasonal variations in the fasting RQ values in the 
three different populations; with a significant seasonal variation in the 
fasting RQ values in Japanese participants, while those in Polish and Thai 
participants were non-significant. The authors found that there were 
significant seasonal changes in body fat percentage in the three populations 
but the authors could not find any significant correlation between fasting 
RQ values and body fat percentage. There were different seasonal 
variations in fasting RQ values in the three different populations. There 
were significant seasonal changes in body fat percentage in the three 
populations but no significant correlation between fasting RQ values and 
body fat percentage. The author gathered from the authors’ findings that 
the seasonal variation in body fat percentage observed in young students 
can be a physiological adaptation to a seasonal change in environment and 
that the seasonality of fasting RQ as a physiological mechanism had 
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become smaller and the effect on body fat percentage had dwindled at the 
same time.  
Following these results, the authors examined the effect of daily 
physical activity on body fat percentage to look for the major causes of 
seasonal change in fat accumulation in young university students. In 
Chapter 3 the authors measured participants’ (young Japanese and Thai 
university students) daily physical activity by a uniaxial accelerometer in 
addition to the measurements of body fat percentage and BMI by a 
bioelectrical impedance-meter. The authors found that there was significant 
moderate negative correlation between body fat percentage and daily step 
counts among Japanese but not Thai participants. The authors observed 
significant, moderate and positive correlations between body fat percentage 
and BMI among Japanese and Thai participants. The authors’ results 
indicate that daily physical activity plays an important role in the seasonal 
variation of body fat percentage of Japanese female students. The authors’ 
present study also confirmed the importance of daily physical activity for 
controlling BMI and for the maintaining healthy weight. 
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Table 3-1. Characteristics of the participants.   
 Japanese (n=22) Thai (n=27) 
Age (years) 21.5 ± 0.7(21 to 24) 
21.2 ± 2.2 
(18 to 25) 
Height (cm) 159.9 ± 5.9(151.7 to 170.5) 
160.6 ± 6.0 
(146.0 to 170.0) 
Body fat (%) 23.0 ± 5.3
a
(12.2 to 35.4) 
26.7 ± 5.6a 
(15.8 to 36.1) 
Weight (kg) 49.5 ± 4.2(43.6 to 58.3) 
51.2 ± 5.9 
(41.4 to 64.6) 
BMI (kg/m2) 19.4 ± 1.5(16.5 to 22.1) 
19.8 ± 2.0 
(16.6 to 23.0) 
The values are mean, standard deviation, and range of characteristics. These values 
were obtained when the examination started, in May 2010 for Japan and Apr 2011 for 
Thailand. a Means sharing a common superscript letter are significantly different at P < 
0.05 by Student's?t-test. 
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Table 3-2. Summary of the mean and standard deviations of the 
measurements.  
Month Body fat % BMI Daily step counts 
Japanese (n=22) 
Apr – – – 
May 23.0 ± 5.3 19.4 ± 1.5a 10329 ± 3208 
Jun 22.2 ± 4.9ab 19.2 ± 1.6 – 
Jul 22.0 ± 5.0cde 19.1 ± 1.6 10493 ± 4128 
Aug 22.1 ± 5.0fgh 19.0 ± 1.5bc – 
Sep 22.4 ± 5.2ij 19.0 ± 1.5adef – 
Oct 23.7 ± 4.8acfi 19.1 ± 1.6 9514 ± 2991 
Nov 23.7 ± 4.7bdgj 19.3 ± 1.5bd – 
Dec 23.4 ± 4.9 19.3 ± 1.6e 8466 ± 2876 
Jan 24.0 ± 4.9eh 19.4 ± 1.6cf – 
Year† – – 9701 ± 3377 
Thai (n=27) 
Apr 26.7 ± 5.6 19.8 ± 2.0 6977 ± 2560 
May – – – 
Jun 26.3 ± 5.7 19.9 ± 2.2 7434 ± 2242bc 
Jul – – – 
Aug 27.0 ± 6.1 20.0 ± 2.2 6132 ± 1972b 
Sep – – – 
Oct 27.2 ± 6.0 20.0 ± 2.3 5375 ± 2448c 
Nov – – – 
Dec 27.7 ± 5.8 20.1 ± 2.4 6237 ± 2110 
Jan 28.1 ± 6.8 19.9 ± 2.3 6909 ± 2218 
Year† – – 6511 ± 2332 
The values are mean and standard deviation. a-j Means sharing a common superscript 
letter are significantly different, P < 0.05. † Comparison of pooled data. Significantly 
different by t-test (t = 7.897, P = 0.000).   
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Table 3-3. Bivariate correlation of body fat %, body mass index, and 
daily step counts. 
Independent 
variable 
Dependent 
variable 
Correlation coefficient 
within subjects 
P 
Japanese (n=22)   
Daily step counts Body fat % −0.480 0.000 
Body fat % BMI 0.443 0.000 
Daily step counts BMI −0.007 0.952 
Thai (n=27)   
Daily step counts Body fat % −0.074 0.393 
Body fat % BMI 0.791 0.000 
Daily step counts BMI −0.067 0.441 
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4-1 Introduction 
 
What we eat is the essential aspect when it comes to obesity, because 
‘mismatch’ with the foods we eat today and the levels of energy we expend 
in our daily lives is one of the reasons for obesity [1]. As mentioned in 
Chapter 1, the westernization of food intake is partly responsible for 
causing overweight and obesity [2]. The western dietary pattern, based on 
red meat, animal fat, high-sugar and low-fiber foods, belongs to the 
common eating habits in developed countries of Western Europe and the 
USA. Currently, the process of diet westernization seems to be increasingly 
apparent in other regions—in Eastern and Southern Europe, and even in 
populations having rich and deep-rooted culinary traditions, e.g. Japan. 
These changes in our diet are nothing new and it cannot be ruled out the 
globalization of food culture, associated with the development of 
food-industrial techniques, such as food-preservation and the world-wide 
food transportation system, as influencing the causes of these changes in 
Japanese, as well as the dietary habits other countries. Previously    
Kromhout et al. [3] and Toshima et al. [4] reported that participants aged 
40 to 60 years in 1989 consumed less rice and more meats, fish and milk 
than in 1958. They also reported that during the same period the level of 
serum cholesterol increased from 150 mg/dl to 188 mg/dl in men [3, 4]. 
Assuming that Japanese dietary habits have been changing constantly 
towards western dietary habits since the 1960s, the authors were curious 
about the extent of the spread of westernization among the younger 
generation that seems to be more susceptible to the influence of the 
84 
 
 
 
Chapter 4. Dietary patterns among young Japanese and Polish females 
globalization of food culture. The aim of this chapter is to evaluate the 
extent of the westernization of dietary habits in two culturally and 
environmentally different populations. In order to examine the 
above-mentioned postulation, the food group intake data and dietary 
patterns of female Japanese and European (Polish) university students were 
analyzed. 
 
4-2 Methods 
 
4-2-1 Participants 
 
100 Japanese (18 to 23 years) and 111 Polish (19 to 25 years) female 
university students from the Faculty of Human Life Science at Osaka City 
University in Japan, and from the Faculty of Food Science and Nutrition at  
Poznan University of Life Sciences in Poland, participated in the 
cross-environmental comparison study as paid participants. Nutritionists 
were chosen as participants familiar with portion sizes and accurately 
reporting food intake, and aware of universal dietary guidelines. The 
surveys were conducted according to the guidelines laid down in the 
Helsinki Declaration and all procedures involving human subjects/patients 
were approved by the Research Ethics Committees. Written informed 
consent was obtained from all subjects/patients.  
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4-2-2 Experiment protocol and measurements 
 
To obtain data concerning habitual food consumption, the participants 
were asked to answer a self-administered, quantitative FFQ four times a 
year. The Japanese students answered the FFQ in Apr, Jul and Oct 2008 
and Jan 2009. The Polish students answered the FFQ in the analogous 
months, but one year later (2010). The Japanese FFQ, containing 
semi-quantitative questions on food items, was derived from the diet 
history questionnaire (DHQ-L) [5]. The Polish FFQ was created based on 
its brief version as described by Wozniewicz et al. [6]. The questionaire 
was modified to increase the number of foodstuffs according to all food 
categories defined in the Food Guide Pyramid [7], and to reflect local 
eating habits and food availability in Poland in more detail, as well as to be 
comparable as far as possible with the Japanese FFQ. 
The FFQs included food items most frequently eaten in Japan    
(135 items) and Poland (199 items). All of the food items, from both 
questionnaires, were divided into generally the same product groups. Some 
environmental differences in food supplies were taken into consideration. 
The food groups and the food items categorized into each food group are 
listed in table 4-1a,b. Some particularly important aspects of the nutritional 
value of food items were considered while food grouping, e.g. fat, fiber and 
sugar content in dairy products, cereal products and soft drinks, 
respectively, or meat species when considering meat and meat products. 
The group ‘cereal products’, apart from bakery products, rice, groats, pasta, 
also covered dishes in which flour is a significant ingredient, e.g. 
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dumplings and pancakes; a similar strategy was applied when considering 
the ‘potatoes’ group. Pickled vegetables and dishes made of cooked 
vegetables were included in the ‘white vegetables’ or the ‘pulses’ group. 
Fruit and vegetable juices were included into the ‘fruit’ and ‘colour 
vegetables’ groups, respectively. This approach resulted in deriving some 
main groups and subgroups of food items included in the FFQs. 
For the purpose of the presented study, the Polish FFQ for the validity 
was compared with the average of the 4-day dietary records completed in 
an independent study on the same studied population (unpublished data). 
Correlation coefficients (r) and deattenuated correlation coefficients 
between dietary recall (DR) and FFQ were calculated for energy and 
selected macronutrients. Correlation coefficients for comparative validity 
ranged from 0.41 for carbohydrates to 0.51 for fat, and deattenuated 
correlation exceeded 0.4 for all nutrients (range: 0.43 to 0.55), representing 
a good FFQ validity. Agreement between the two methods was evaluated 
by classification into quartiles, and the Bland-Altman analysis was 
performed for energy, fat, carbohydrate and protein intake, as described in 
a previous study by Dehghan et al. [8]. Mean agreement between the DR 
and FFQ ranged from 109% (fat) to 118% (protein). The limits of 
agreement ranged from 47% (fat and carbohydrates) to 279% 
(carbohydrates), with most nutrients being overestimated by the FFQ. The 
FFQ classified 82% to 90% of participants’ nutrient intakes into the same 
or adjacent quartile as their DR. The data shows that the 199-items FFQ is 
a reasonably valid instrument for the purpose of classification of the Polish 
participants according to their nutritional habits.  
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The questionnaires were designed to ask about food intake in the 
previous month. Food serving intake was specified for each food with 
response options ranging from ‘once a month or less’ to ‘4 to 5 times a day’. 
Three possible categories of portion size for each food item (small, medium, 
large) were also provided. The data for individual food items in the FFQ 
was transformed to servings per week. First, the size of the portion was 
transformed into a standard size portion. Then, each category of frequency 
of consumption was transformed to homogenous units, namely times per 
week: 
— ‘4 to 5 times per day’ was transformed into 33.75 times per week;  
— ‘2 to 3 times per day’ into 18.75 times per week;  
— ‘once a day’ into 7.5 times per week;  
— ‘4 to 6 times per week’ into 5 times per week;  
— ‘2 to 3 times per week’ into 2.5 times per week;  
— ‘once a week’ into 1 time a week,  
— ‘2 to 3 times per month’ into 0.625 time a week.  
The category ‘once a month or less’ was discounted.  
The number of standard portions was then multiplied by the frequency 
of consumption expressed as times per week, arising in results expressed as 
servings per week. A similar procedure was used by Papadaki et al. [9] and 
Georgiou et al. [10]. 
In order to compare the frequency of food consumption between both 
studied groups during the whole year, the food intake data obtained in each 
season was pooled. This approach resulted in receiving the data on food 
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consumption for 400 cases in the Japanese population and 444 cases in the 
Polish population.  
Factor analysis was conducted to identify the dietary patterns in both 
studied populations. The dietary patterns were generated on the basis of 41 
selected food groups among the Japanese participants, and 42 among the 
Polish participants. In food grouping, core and traditional food, as well as 
food typical to the westernized diet, were taken into consideration. 
 
4-2-3 Data analysis 
 
Statistical differences in the frequency of consumption of different 
foods (servings/week) between the two countries were tested using the 
Mann-Whitney test. The P value < 0.05 (two-sided) was considered to be 
statistically significant. These analyses were performed using the Statistical 
Package for the Social Sciences version 16.0 (IBM SPSS, Chicago, IL, 
USA).  
The dietary patterns were derived from the factor analysis. In 
determining the number of factor (patterns) to retain eigenvalues (>1), 
Cattell’s scree test and the interpretability of factors were taken into 
consideration. In order to achieve a simpler structure with greater 
interpretability and to obtain uncorrelated patterns, the factors were rotated 
by an orthogonal transformation (Varimax rotation). Food groups with an 
absolute factor loading greater than 0.20 were considered as making an 
important contribution to the factors. A similar approach was used by   
Hu et al. [11], Fung et al. [12] and Kerver et al. [13]. Factor analysis was 
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4-3 Results 
 
A general description of the participants is shown in Table 4-2.    
The intake of single foods and food groups in quartiles of weekly intake is 
shown in Table 4-3. Foods and food groups listed in the table were selected 
so that it is possible to evaluate the extent of habitual diet westernization in 
Japanese and Polish participants. 
Apart from total meat and meat products (P = 0.073), as well as 
high-energy drink intake (P = 0.840), significant differences (P < 0.001) in 
the consumption frequency of all foods and food groups between Japanese 
and Polish participants were observed. The food items or groups which 
Japanese students consumed more were as follows: whole milk, eggs, fish, 
fish products and shellfish, plant fat, plant oils and olive oil, mayonnaise, 
rice, coloured and white vegetables, pulse, potatoes, mushrooms, sweets 
and snacks, chocolate, salty and savoury snacks, sweets, and algae. In 
contrast, the Polish students consumed the following food items or groups 
more than the Japanese: milk and dairy products, low-fat milk, cream, 
butter, margarine, cereal products, white and dark bakery products, flakes, 
wheat pasta, pizza, fruits, nuts and seeds, sugar, and cakes. The intake of 
different types of cheese was significantly higher among Polish than 
Japanese participants—the Japanese did not eat hard cheese at all. There 
was no significant difference in the total intake of meat and meat products 
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in Polish and Japanese students. However, the intake of individual food 
items from the group was significantly different between them. The 
Japanese ate significantly more poultry, pork and beef, and the Polish ate 
significantly more processed meat products, such as sausages, and ham and 
organ meat. Coffee and tea were consumed in bigger amounts by the 
Japanese compared to Polish students. Among Japanese students, the 
consumption of tea (black, green or oolong tea) accounted for more than 
80% of the total consumption of coffee and tea taken together. By contrast, 
the consumption of water was significantly higher in the Polish participants 
compared to Japanese. Among the Japanese participants, the intake of 
water in the 75th percentile was much higher than in the 50th percentile. 
Three main dietary patterns were identified in both groups. The factors 
were labeled on the basis of the authors’ interpretation of the data, as well 
as on the prior literature. Factor-loading matrixes for all of the factors are 
listed in Table 4-4. Among the Japanese subjects, the following dietary 
patterns were found: ‘traditional Japanese’, ‘sweets & beverages’ and 
‘western’, explaining 9.0%, 8.5% and 6.4% of the total variance, 
respectively. These three factors accounted for 23.9% of the total variance. 
The ‘traditional Japanese’ dietary pattern was heavily contributed by 
vegetables, fish, algae, pulses, and rice and negatively correlated with the 
consumption of white bakery products. The second dietary pattern, ‘sweets 
& beverages’, was associated with the consumption of sweets, fruits, and 
non-alcoholic beverages, and low consumption of rice. The ‘western’ 
dietary pattern was heavily contributed by the consumption of meat, white 
bakery products, eggs, butter and plant oils.  
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Among Polish female students the following dietary patterns were 
recognized: ‘prudent’, ‘western’ and ‘sweets & alcoholic beverages’, 
explaining 8.2%, 7.7% and 6.4% of the total variance, respectively. These 
three factors accounted for 22.3% of total variance. The ‘prudent’ dietary 
pattern was heavily contributed by vegetables, fruits, cereal flakes, pulses, 
low-fat milk, and water. The ‘western’ pattern was associated with the 
consumption of sugar, white bakery products, butter, pork, high-energy 
drinks, margarine, potatoes, cream, beef and wheat pasta. ‘Sweets and 
alcoholic beverages’ was heavily contributed by sweets, and alcoholic 
beverages and inversely correlated with the intake of dark bakery products 
and low-fat milk. 
 
4-4 Discussion 
 
Some cultural and environmental differences in eating habits were 
observed between Japanese and Polish female students. The results clearly 
pointed to the ‘traditional and typical’ dishes and products of both countries. 
It was noticed that the consumption of fish, fish products and shellfish, rice, 
pulses, vegetables and algae was higher among the Japanese students. The 
high intake of rice and pulses could be explained by the fact that rice and 
bean products are considered to be prime ingredients in traditional Japanese 
dishes [14]. It is also well known that Japan is a marine and fisheries 
country surrounded by a long shoreline, which is reflected in the greater 
availability of marine food, and differs from the Polish culinary tradition. 
At the same time, the results indicate that different types of bakery products 
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One still needs to notice that foods typical to a westernized diet [16] 
were also present in the habitual diet of both studied populations; however 
it seems that they contributed more to the diet of the Polish participants 
(processed meat, hard cheese, butter, sugar and alcoholic beverages) 
compared to the Japanese participants (red meat, whole milk, mayonnaise, 
potatoes and sweets and snacks).   
The data concerning the frequency of consumption of single foods or 
food groups does not show the combination of different food items in the 
habitual diet. To reflect those combinations, factor analysis was conducted 
and major dietary patterns were derived.  
Among Japanese students the following dietary patterns were 
identified: ‘traditional Japanese’, ‘sweets & beverages’ and ‘western’, and 
among the Polish participants, ‘prudent’, ‘western’ and ‘sweets & alcoholic 
beverages’. The first of the patterns in the Japanese population was labeled 
‘traditional Japanese’, because of the significant contribution of core 
Japanese foods, such as fish, fish products and shellfish, algae, pulses, rice, 
vegetables to this particular pattern. It is noticeable that the discussed 
dietary pattern also consisted of meat, such as poultry, meat organs and 
pork. However, poultry and pork in particularly were more heavily 
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correlated with a ‘western’ dietary pattern. Okubo et al. [17] in the group of 
Japanese female dietetic course students aged 18 to 20 years, found three 
main dietary patterns, including the ‘traditional Japanese’ pattern, 
contributed to by rice, miso soup and soy products. Mizoue et al. [18] and 
Guo et al. [19] in a group of Japanese men aged 38 to 59 years 
characterized the so-called ‘Japanese’ dietary pattern as being associated 
with the consumption of soybean products, seaweeds, pickles, green tea, 
vegetables and fish. Similar groups of products were associated with the 
‘Japanese’ dietary patterns, as described by Kim et al. [20] and      
Okubo et al. [21], in a group of Japanese men and women aged 40 to 55 
years. Additionally, these authors, as in the presented study, characterized 
this as being inversely correlated with the consumption of bakery products. 
A big resemblance can be noted between previously described ‘Japanese’ 
or ‘traditional Japanese’ dietary patterns and the one found in this study. As 
may be observed, on the basis of the above-mentioned examples from prior 
literature as well as the presented study, the ‘Japanese’ or ‘traditional 
Japanese’ pattern is still very popular among diverse Japanese population 
groups, regardless of the generation. The core Japanese foods had and have 
contributed greatly to daily food rations to the present day. The gradual 
changes of traditional eating habits among the Japanese can be observed in 
those who have emigrated from Japan, as described by Takata et al. [22] in 
a group of Japanese women living in Hawaii, USA. 
The ‘traditional Japanese’ dietary pattern recognized among the 
Japanese students in the presented study can be compared with the 
‘prudent’ dietary pattern found among the Polish students. The term 
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‘prudent’ pattern describes a diet that is a combination of the following 
foods and food groups: coloured vegetables, white vegetables, fruits, cereal 
flakes, pulses, low-fat milk, water, plant oils and olive oil, nuts and seeds, 
yoghurt, eggs, fish, fish products, mushrooms and rice. The so-called 
‘prudent’ pattern has previously been identified by other authors in various 
population groups, for example, that found by Fung et al. [12]. In a group 
of 466 US male health professionals, a subgroup of the Health Professional 
Follow-up Study (HPFS), the ‘prudent’ diet was contributed by fruits, 
vegetables, whole grains, legumes, poultry and fish. A similar description 
of a ‘prudent’ dietary pattern was given by Hu et al. [11, 23], and   
Paradis et al. [24] in a group of 326 men and women aged 18 to 55 years 
from Quebec, Canada.  
‘Traditional Japanese’ and ‘prudent’ dietary patterns can be perceived 
as having a favorable impact on health, and it is a consolation that these 
single patterns explained the highest percentage of total variance in both 
groups. However, the existence of two other less or even not at all 
recommended dietary patterns needs to be stressed. 
The first such pattern in the Japanese participants of the presented 
study was the ‘sweets & beverages’ pattern, containing sugar, high- and 
low-energy drinks, chocolate, sweets, salty and savory snacks, fruit, cakes, 
coffee and tea, and inversely correlated with the frequency of consumption 
of rice. The pattern can be compared to the ‘sweet-fruit’ pattern found by 
Guo et al. [19] in a group of Japanese men, which was connected with the 
consumption of ice cream, cakes, fruit, dairy products, and cola. Some 
conformity occurred between the ‘sweets & beverages’ pattern present 
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among the Japanese students and ‘sweets & alcoholic beverages’ present 
among the Polish participants. The ‘sweets & alcoholic beverages’ pattern 
was the third one found among the Polish subjects, characterized by a 
positive correlation with the frequency of consumption of chocolate, salty 
and savory snacks, wine, vodka, pizza, beer, sweets, mayonnaise and cakes, 
and inversely correlated with the frequency of consumption of dark bakery 
products and low-fat milk.  
The second of the not recommended patterns was the ‘western’ dietary 
pattern, recognized in both studied groups and which explained 6.4% and 
7.7% of the total variance among the Japanese and Polish students, 
respectively, compared to 9.0% and 8.5% for ‘traditional Japanese’ and 
‘sweets & beverages’ among the Japanese participants, and 8.2% and 6.4% 
for ‘prudent’ and ‘sweets & alcoholic beverages’ among the Polish 
participants. The greatest impact on the ‘western’ pattern in both 
populations came from poultry, pork, beef, processed meat and white 
bakery products. Among the Polish students, the contribution of sugar, 
high-energy drinks, cream, potatoes, and margarine to the ‘western’ pattern 
was also quite high. Other authors, in the previously mentioned subgroups 
of HPFS [11, 12] and in the group of Canadian men and women [13], 
characterized the ‘western’ dietary pattern as positively correlated with the 
consumption of processed meat, red meat, butter, high-fat dairy products, 
refined grains, French fries, sweets and desserts. The progression of 
western eating habits can be observed even in populations with strong 
culinary traditions, e.g. Mediterranean countries. Bibiloni et al. [16] in 
adolescents in the Balearic Islands identified two dietary patterns, ‘western’ 
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and ‘Mediterranean’, explaining 13.4% and 10.6% of total variance, 
respectively.  
The trend of diet westernization in the Japanese and Polish 
populations may be also observed when comparing data considering food 
intake and macronutrient composition of the diet over the past fifty years in 
both countries. In Japan between 1950 and 2000, an increase in the intake 
of western-type foods, such as milk, meat, eggs, fat/oil and fruit was 
observed, simultaneously with a decrease in the intake of rice and potatoes 
[25, 26]. The increase in western-type food intake was followed by changes 
in the macronutrient composition of the diet. Lands et al. [27] mentioned 
that the structure of the macronutrient intake of the Japanese changed 
between 1960 and 1985, even though the average total daily calorie intake 
remained stable. In 1960, the percentage of energy from protein, fat and 
carbohydrates was 13%, 11%, 75%, respectively. In 1985, protein provided 
14%, fat 25% and carbohydrates 61% of total energy, whereas in the 
United States, the macronutrients provided 16%, 37%, 45% of energy, 
respectively. These data indicate that dietary habits in Japan are rapidly 
becoming similar to those in the United States. Similar changes in the 
macronutrient intake pattern were also noted by Iwanaga [28].  
In Poland, in the long-term, the intake of cereal products and potatoes 
has declined, although there was an increase in the consumption of meat 
and offal, animal and vegetable fat (margarine), and sugar. On the other 
hand, there were some favorable changes in food consumption, such as an 
increase in the consumption of fish and fish products (especially freshwater 
species), vegetables and fruits. Changes in the consumption level of 
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It can be concluded that the above-described long-term changes in 
dietary habits among the Japanese, as well as among the Polish population, 
are reflected by the occurrence of the so-called ‘western’ dietary pattern in 
both of the populations of female students studied here. 
The fact of the unification and westernization of eating habits is even 
more alarming when it concerns participants having only a broad 
nutritional knowledge. The situation is not exclusive for the groups in the 
presented study. As mentioned earlier, Okubo et al. [17], in a group of 
dietetic female students, found four main dietary patterns which, apart from 
‘traditional Japanese’, included ‘healthy’, ‘western’ and ‘coffee and dairy 
products’ dietary patterns. The percentage of total variance explained by 
the ‘western’ dietary pattern was 6.1% in their study, which was only 
slightly lower compared to the 6.4% observed among the Japanese 
participants in the presented study. The westernization of habitual food 
intake tends to be apparent, even in nutritionally educated subgroups from 
different world regions, and seems to be the reason for the gradual 
diminishing of the role of particular regional culinary traditions in food 
choices.  
The revealed trend of diet westernization in young Japanese and 
Polish females may be alarming from the viewpoint of public health. As 
started in Chapter 1, the westernization of eating habits seems to be one of 
the major reasons for the great prevalence of non-communicable chronic 
98 
 
 
 
Chapter 4. Dietary patterns among young Japanese and Polish females 
diseases. This fact is supported by the results of recent well-controlled 
studies on insulin resistance and type 2 diabetes development.      
Weicert et al. [31] noticed that a high-protein diet, contrary to an 
isoenergetic high-cereal-fiber diet, may contribute to impaired insulin 
sensitivity. The adverse effect of a high-protein, high-fat diet on one’s 
health was indicated recently by Newgard [32], who linked dietary profile 
with the development of metabolic dysfunction in multiple tissues. 
There were several limitations in this study. Since data was collected 
through a self-reported questionnaire, selection bias or subjective disparity, 
due also to the difference between culinary items in the different cultures, 
was virtually unavoidable. The reproducibility of the results in other 
populations is questioned because both of the studied groups were female 
students with a broad knowledge of human nutrition and dietetics. This is 
why the dietary patterns found in these two groups may not entirely 
correspond to dietary patterns occurring in the general population of female 
Japanese and Polish students. Nevertheless, the study shows that even these 
more familiar with knowledge of nutrition groups are susceptible to the 
influences of a western-style diet. Future longitudinal studies in different 
population groups to identify changes in dietary patterns, their range, and 
relation to environmental and health status indicators in both societies are 
needed. 
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Summary of this chapter 
 
To assess the westernization of eating habits among 100 Japanese 
(aged 18 to 23 years.) and 111 Polish female students (aged 19 to 25 years.) 
of nutrition science related faculties. The FFQs were used to assess a 
dietary pattern during a one-year investigation, over four seasons. Data 
obtained in each season was pooled. The frequency of consumption of 
different foods (servings/week) between the two countries was compared 
and characterization of the dietary patterns of both studied populations was 
analyzed by factor analysis. When food consumption between the two 
countries was compared, apart from total meat and meat products, and 
high-energy drink intake, significant differences were observed in all foods 
and food groups. The authors identified three dietary patterns in both 
groups. Among the Japanese participants, the first pattern was ‘traditional 
Japanese’, the second ‘sweets & beverages’, and the third ‘western’, 
explaining 9.0%, 8.5% and 6.4% of the total variance, respectively. Among 
the Polish participants, the first one was ‘prudent’, the second ‘western’, 
and the third ‘sweets & alcoholic beverages’, explaining 8.2%, 7.7%, 6.4% 
of the total variance, respectively. Even if it was not the first dietary pattern 
derived, the ‘western’ dietary pattern which is related to obesity was found 
in both groups. In the Japanese participants significant cultural influences 
on habitual food intake could still be observed, and the extent of diet 
westernization seems to be smaller compared to the Polish participants. 
However, the fact that the participants in presented study have nutritional 
knowledge and most of them were non-obese is emphasized. This means 
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there is the possibility that a greater impact of dietary westernization can be 
seen among people less nutritionally educated or who are not normal 
weight.  
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Table 4-1a. Food groupings used in the dietary pattern analysis (Japan). 
Food group  
subgroups Food items 
Milk & dairy products  
Whole milk Whole milk 
Low-fat milk Low-fat milk 
Cream Coffee cream 
Yoghurt Yoghurt (plain, low fat, low sugar, sweetened) 
Hard cheese - 
Other cheese Processed cheese, cottage cheese 
Other Lactic acid bacteria beverage, cocoa 
Eggs Eggs 
Meat & meat products  
Poultry Poultry 
Pork Pork, ground meat 
Beef Beef, ground meat  
Offal Liver 
Processed meat Sausage/ham, bacon/salami 
Fish, fish products & shellfish Eel, white-meat fish (sea breams/flatfish/codfish/others), blue-back fish 
(mackerel/sardine/herring/others), red-meat fish (tuna/bonito/others), fish sausage, 
shrimp/crab, octopus/squid, oyster, other shellfish, dried fish, small fish with bones, 
canned tuna, fish roe, boiled fish in soy sauce, salted guts, surimi (ground fish meat) 
products 
Butter Butter 
Plant fat  
Plant oils & olive oil Plant oils, salad dressing with oil 
Margarine Margarine 
Mayonnaise Mayonnaise 
Cereal products  
White bakery products White bread, rolls, croissant  
Dark bakery products - 
Cornflakes, oat meals & Bran Cornflakes 
Rice White rice, 70% rice & 30% barley, rice with embryo, half-milled rice, 70%-milled rice, 
brown rice 
Wheat pasta Pasta/spaghetti  
Pizza Pizza 
Others Buckwheat/Japanese wheat noodle, instant noodles, Chinese noodles, pancakes, 
Japanese-style pancakes 
Colour vegetables Broccoli, carrots, pumpkins, green pepper, tomatoes, lettuce, green leafy vegetables such as 
spinach, pickled green vegetables, vegetable juice, tomato juice  
White vegetables Aubergine, onion, cucumber, cabbage, Chinese cabbage, bean sprouts, cauliflower, Japanese
radish, lotus root, burdock, pickled white vegetables, pickled and dried plum 
Pulses Tofu, tofu products, natto, soy milk, miso, cooked beans 
Potatoes Potatoes, French fries, sweet potatoes/taros, konnyaku 
Mushrooms Mushrooms 
Fruits Grapes, bananas, apples, pears, mandarins/oranges, strawberries, melons, 
peaches/nectarines, kiwifruits, watermelons, persimmons, dried fruits, canned fruits, fruit 
juice, fruit jelly 
Nuts & seeds Peanuts, other types of nuts 
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Table 4-1a. (continuation). 
 Food group 
Subgroups Food items 
Sugar Jam/marmalade, sugar 
Sweets & snacks  
Chocolates Chocolates  
Cakes Cakes  
Salty & savoury snacks Potato chips, rice snacks, crackers, salted snacks 
Other sweets Candies, cookies, doughnut, ice creams, Japanese sweetened bun, Japanese sweets with 
azuki beans, Japanese sweets without azuki beans 
Coffee, tea Coffee, black tea, green tea/oolong tea 
High-energy drinks Revitalizer, fizzy & non-fizzy sweet drinks 
Low-energy drinks Fizzy & non-fizzy drinks sweetened with sweetener alternatives 
Alcohol  
Beer Beer 
Wine Wine 
Vodka/Sake Vodka/Sake, shochu, whiskey, shochu-based beverage 
Mineral water Water 
A lgae W akame seaweed/brown algae, dried laver seaweed 
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Table 4-1b. Food groupings used in the dietary pattern analysis (Poland). 
Food group  
Subgroups Food items 
Milk & dairy products  
Whole milk Milk (3.2% fat) 
Low-fat milk Milk (< 2% fat) 
Cream Cream (30%/36% fat, 9%/12%/18% fat ) 
Yoghurt Yoghurt (plain, fruit) 
Hard cheese Cheese 
Other cheese Mould cheese, fresh cheese (whole fat, low fat/semi fat), cottage cheese, processed cheese, 
fresh cheese/homogenized cheese, fromage cheese 
Other Kefir/buttermilk, pudding 
Eggs Eggs 
Meat & meat products  
Poultry Chicken chops, turkey chops, chicken fricassee 
Pork Pork chops, ground meat, minced balls, minced meat roast 
Beef Beef, ground meat, veal 
Offal Offal/giblets and offal/giblets products, pate 
Processed meat Meat products (cured/smoked meats)-ham/loin (pork), salami, sausage/vienna sausage 
Fish, fish products & shellfish Ground fish chops, fish meat balls, tilapia, sole, panga, cod, pike perch, walleye 
pollock/alaska pollock, pike, tuna canned in oil, tuna canned in water, smoked mackerel, 
winter flounder, sardine canes in oil, hake, salmon, herring, fish (vegetable salad) 
Butter Butter 
Plant fat  
Plant oils & olive oil Plant oils, olive oil 
Margarine Margarine  
 
Mayonnaise Mayonnaise 
Cereal products  
White bakery products Pumpernickel, white bread, milk rolls/milk crescent rolls/milk croissant, crisp bread, toast, 
rolls/French rolls  
Dark bakery products Graham bread, graham rolls 
Cornflakes, oat meals & Bran Muesli, cornflakes, bran, oat flakes 
Rice Rice cakes, white rice, brown rice 
Wheat pasta Pasta  
Pizza Pizza with meat topping, vegetarian pizza 
Others Pearl barley/hulled barley/buckwheat groats, millet groats, dumpling, plum-filled dumpling, 
dumpling filled with meat, yeast rolls, pancakes, gnocchi made of boiled potatoes and 
cheese, gnocchi with potato-cheese filling, "Kładzione" noodles, Chinese noodles, 
"Śląskie" noodles, yeast patties filled with meat/sauerkraut, cabbage stuffed with minced 
pork, boiled dough pockets filled with meat, boiled dough pockets filled with fresh cheese, 
boiled dough pockets filled with strawberries  
Colour vegetables Broccoli, beetroots, pumpkins, red pepper, tomatoes, lettuce, carrots, zucchinis, string beans, 
spinach, brussels sprouts, multi-vegetable juice, tomato juice 
White vegetables Aubergine, onion, leek, kohlrabi, cauliflower, radish, cucumber, bigos, asparagus, cabbage, 
canned corn, sauerkraut, pickled/sour cucumber 
Pulses Green peas, broad beans, peas, lentils, canned green peas, soy beans, beans, baked beans  
Potatoes Potatoes, bliny ziemniaczane, potato dumpling, potato chops, potato pancakes 
M ushrooms M ushrooms 
 
 
 
 
Chapter 4. Dietary patterns among young Japanese and Polish females 
105 
Table 4-1b. (continuation). 
Food group  
Subgroups Food items 
Fruits Canned peach, canned pineapple, avocado, raspberries, blueberries, 
blackcurrants/redcurrants, gooseberries, grapes, bananas, apples, plums, grapefruits, 
apricots, pears, mandarins/oranges, strawberries, kiwifruits, peaches/nectarines, sweet 
cherries, cherries, watermelons, dried fruits, black/red-currant jelly type dessert made with 
potato starch, fruit jelly, apple mousse, fruit mousse, fruit juices, roasted apples 
Nuts & seeds Walnuts, hazelnuts/pistachio, almond, pumpkin seeds, sunflower seeds,  peanuts 
Sugar Jam (low sugar, high sugar), plum jam, sugar, honey 
Sweets & snacks  
Chocolates White chocolates, chocolates (bitter/milk/filled/with nuts) 
Cakes Sponge cakes with fruit jelly/chocolate coated, cake with whipped cream, cake with cream, 
eclairs with whipped cream, cheese cake with raisins, pound cake, puff-pastry cakes, yeast 
cakes with blueberries, yeast cake with cheese/pudding/fruits/crumble and sugar-icing  
Salty & savoury snacks Potato crisps, sticks/pretzels 
Other sweets Chocolate candies, chocolate bars ("Bounty Milk", "Mars", "Milky Way", "Snickers", 
"Twix"), biscuits, biscuits with chocolate/milk filling, drops, gingerbreads with fruit jam 
filling chocolate coated or glazed, toffee/fudge, ice creams, ice creams made of fruit juice 
without cream, gummy bears, chocolate coated wafers   
Coffee, tea Coffee/tea 
High-energy drinks Fizzy & non-fizzy sweet drinks 
Low-energy drinks Fizzy & non-fizzy drinks sweetened with sweetener alternatives 
Alcohol  
Beer Beer 
Wine Wine 
Vodka/Sake Vodka 
Mineral water Mineral water 
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Table 4-2. Characteristics of the participants 
 Japanese (n=100) Polish (n=111) 
Age (years) 19.6 ± 1.4(18 to 23) 
22.4 ± 1.2 
(19 to 25) 
Height (cm) 159.3 ± 5.5(148.0 to 174.4) 
167.7 ± 5.8 
(150.0 to 181.0) 
Weight (kg) 50.7 ± 5.2(38.0 to 66.0) 
59.9 ± 9.3 
(40.0 to 94.0) 
BMI (kg/m2) 20.0 ± 1.8(16.7 to 24.5) 
21.9 ± 2.8 
(13.4 to 31.8) 
The values are mean, standard deviation, and range of characteristics.  
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Table 4-3. The frequency of food consumption (servings/week) among 
Japanese and Polish students.  
 servings/week  
 Osaka, Japan (n=400) Poznan, Poland (n=444)  
Foods† 25th§ 50th 75th 25th 50th 75th P‡ 
Milk and dairy products 4.97 9.38 14.41 8.75 13.15 18.78  0.000
Whole milk 0.00  0.63  3.75  0.00 0.00 0.63  0.000 
Low-fat milk 0.00  0.00  1.59  0.00 0.63 3.75  0.000 
Cream 0.00 0.00 1.00 0.00 0.50 1.00  0.000
Yoghurt 0.00  1.00  5.00  0.75 1.75 3.75  0.000 
Hard cheese - - - 0.63 2.50 5.00  - 
Other cheese 0.00 0.63 1.25 1.25 2.50 4.44  0.000
Eggs 2.50  5.00  7.50  0.50 1.00 1.25  0.000 
Meat & meat products 3.88  5.81  8.63  3.41 6.38 10.56  0.073  
Poultry 0.63 1.00 2.50 0.42 0.79 1.25  0.000
Pork 1.00  1.42  3.00  0.21 0.63 1.09  0.000 
Beef 0.63  1.06  1.50  0.08 0.31 0.63  0.000 
Offal 0.00 0.00 0.00 0.00 0.42 1.25  0.000
Processed meat 0.63  1.25  1.91  1.25 3.31 6.00  0.000 
Fish, fish products & shellfish 2.80  5.00  7.68  0.63 1.25 2.25  0.000 
Butter 0.00 0.00 0.63 0.13 1.25 7.50  0.000
Plant fat 4.04  5.51  8.58  1.56 3.75 8.75  0.000 
Plant oils & olive oil 3.45  4.64  6.44  1.00 2.50 3.75  0.000 
Margarine 0.00 0.00 1.00 0.00 0.41 4.06  0.000
Mayonnaise 0.00  1.00  2.50  0.00 0.31 0.63  0.000 
Cereal products 14.70  17.69  20.49  14.06 20.80 27.80  0.000 
White bakery products 1.06 2.15 3.41 1.50 5.00 12.56  0.000
Dark bakery products - - - 0.75 2.50 7.50  - 
Cornflakes, oat meals, bran 0.00  0.00  0.00  0.00 1.00 3.75  0.000 
Rice 8.00 11.20 14.50 0.42 0.88 1.63  0.000
Wheat pasta 0.00  0.45  0.91  0.50 0.78 1.25  0.000 
Pizza 0.00  0.00  0.67  0.00 0.25 0.63  0.000 
Vegetables 14.97 22.63 33.38 8.63 14.73 25.22  0.000
Colour vegetables 7.22  11.56  18.27  4.08 8.09 15.78  0.000 
White vegetables 6.88  10.63  15.81  3.68 6.33 11.13  0.000 
Pulse 2.25 4.38 7.69 0.00 0.44 1.00  0.000
Potatoes 1.63  2.50  4.50  1.00 1.92 3.00  0.000 
Mushrooms 0.63  1.00  2.50  0.13 0.31 0.63  0.000 
Fruits 2.25 4.38 7.91 8.13 13.29 20.72  0.000
Nuts & seeds 0.00  0.00  0.63  0.00 0.50 1.25  0.000 
Sugar 0.00  0.63  2.50  0.81 3.38 9.38  0.000 
Sweets & snacks 6.30 9.58 14.08 2.63 4.92 7.95  0.000
Chocolates 0.63  0.75  1.88  0.25 0.53 1.25  0.000 
Cakes 0.63  0.63  1.00  0.48 1.05 2.02  0.000 
Salty & savoury snacks 0.00 0.75 1.88 0.12 0.50 1.25  0.000
Sweets 4.04  6.33  9.38  1.13 2.50 4.93  0.000 
Coffee, tea 16.80  25.32  38.62  15.00 18.75 33.75  0.000 
High-energy drinks 0.00 0.00 1.00 0.00 0.00 0.63  0.840 
Low-energy drinks 0.00  0.00  0.00  0.00 0.00 0.63  0.000 
Alcohol 0.00  0.00  1.00  0.63 1.35 2.28  0.000 
Beer 0.00 0.00 0.00 0.17 0.63 1.00  0.000
Wine 0.00  0.00  0.00  0.00 0.33 0.83  0.000 
Vodka/Sake 0.00  0.00  0.63  0.00 0.13 0.63  0.010  
Mineral water 0.00 2.50 14.06 4.01 10.42 18.75  0.000
A lgae 0.63 1.63 3.50 - - -  -   
† Only the specific foods which are related to westernization were included, but the total 
number of servings in each food group reflects all foods of that group included in the 
FFQs. ‡ Mann-Whitney test. §Percentiles.  
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Table 4-4. Factor loading matrixes for the major factors (dietary 
patterns) in Japanese and Polish female students†. 
 Dietary pattern 
 Osaka, Japan (n=400)  Poznan, Poland (n=444) 
Food group‡ 
Traditional Sweets & beverages Western Prudent Western 
Sweets & 
alcoholic 
beverages
White vegetables 0.77   0.69   
Colour vegetables 0.69 0.76   
Fish, fish products & shellfish 0.65  0.35 0.36   
Algae 0.61   - - - 
Pulses 0.61 0.47   
Mushrooms 0.42   0.33  0.22 
Poultry 0.42  0.49  0.29  
Offal 0.35 0.29  
Pork 0.33  0.51  0.53  
Rice 0.33 −0.25  0.30   
Fruits 0.29 0.35 0.51   
Eggs 0.28  0.30 0.37   
Low-fat milk 0.26 0.38  0.46  −0.20 
Mineral water 0.24 0.45   
Yoghurt 0.22   0.38   
Beef   0.61  0.37 0.21 
Wine  −0.24  0.56 
Coffee, tea  0.56  −0.36  0.28  
Vodka/Sake    −0.33   0.53 
Beer  −0.34  0.49 
Processed meat   0.43  0.55  
Butter   0.29    
Salty & savoury snacks  0.41 0.27  0.58 
Nuts & seeds    0.43   
Other cheeses       
Low-energy drinks  0.56 0.20   
High-energy drinks  0.59   0.49  
Plant oils & olive oil  0.24 0.28 0.44 0.25  
Sweets  0.44 0.37 0.22 0.45 
Sugar  0.61   0.62  
Cream  0.68   0.40  
Potatoes  0.44  
Mayonnaise  0.21 0.25   0.36 
Chocolates  0.61 0.20   0.62 
Cakes  0.30 0.29 0.25 0.35 
Whole milk  0.21     
Cornflakes, oat meals, bran    0.51 −0.23  
Wheat pasta  0.37  
Pizza      0.50 
Margarine     0.44  
White bakery products  −0.32 0.36 0.55  
Hard cheese - - -  0.25  
Dark bakery products - - -   −0.25 
    
Explained variance [%] 9.00 8.50 6.40 8.20 7.70 6.40 
Eigenvalues 4.80 2.80 2.20 3.60 3. 0 4 2. 0 3   
† Absolute values of < 0.20 are not shown in the table for simplicity. ‡ Sorted by 
loadings on Traditional factors for Japanese female students. 
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As mentioned in the General Introduction (Chapter 1), increasing 
awareness of maintaining healthy weight for the young is important to 
avoid exacerbation of the spread of obesity and underweight. The present 
thesis aims to explore the factors relating to the seasonal changes of body 
fat percentage from three perspectives and consider the approach to      
a healthier life of young people. The factors the authors examined are the 
following: (1) RQ: physiological mechanism, (2) physical activity: energy 
expenditure, and (3) food consumption pattern. Concerning (1) and (2), the 
authors conducted the studies specifically focusing on the relationship with 
body fat percentage. The author conducted this series of studies in several 
seasons and countries. 
 
In Chapter 2, the authors studied seasonal variations in RQ after an 
overnight fast, body fat percentage, body weight, and macronutrient intake 
and the correlation between variables with female university students living 
in different climate areas, Osaka (Japan), Poznan (Poland) and Chiang Mai 
(Thailand).  
In the past, dietary sources were limited and in highly seasonal. In 
such an environment where caloric intake was often sporadic and 
sometimes inadequate, our genome became adapted to it and gained an 
efficient energy use and storage, commonly referred to as the ‘thrifty gene 
hypothesis’. This genetic adaptation, which results in storage of excess 
calories as intra-abdominal fat, provided a survival advantage in        
an environment of scarcity [1]. Further, contemporary humans are still 
genetically adapted to the environment of our ancestors which they 
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survived in and consequently conditioned their genetic make-up [2]. 
According to Macaulay et al. [3], DNA evidence documents relatively little 
change in the genome during the past 10,000 years. 
The mechanism of our body adapted to the environment including the 
seasonal changes, in the Paleolithic age. At that time, food sources with 
sweet and salty tastes and fatty textures tend to be calorically dense and 
relatively scare in environments where game animals are lean, water 
possibly scarce, and plant foods low in sugars. On the other hand, in 
modern times, the unstable and season-dependent food supply came to 
stabilize and now there is an oversupply of food in large areas of globe as 
time has passed, particularly with the development of food-processing 
procedures. Sugars, salts, and fats are in endless, easy supply from 
industrialized food systems. Here, we have the evolutionary ‘mismatch’ 
between our ancient genome and modern society. Against this background 
of ‘mismatch’, the obesity problem occurred and has been growing. The 
evolved gustatory behaviors, such as strong proclivities for these 
characteristics: Sugars, salts, and fats, conveyed selective benefits to 
hunter-gatherers, however, for modern humans, it can lead to 
overconsumption, obesity and metabolic diseases [4]. Turner et al. [4] 
referred to the studies by Eaton and colleagues, which emphasize the 
inertia of biological evolution: in the 10,000 or so years between the shift 
from hunting and gathering to agriculture, there has been insufficient time 
for any genetic (e.g. thrifty gene) adaptations to the rapid changes in human 
diets.  
There were several studies showing seasonal variations in our 
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physiological functions and indicating they have not changed so much 
since the Paleolithic era [5–8], whereas Turner et al. [4] noted that 
biological checks and balances are easily manipulated or overridden by 
social and cultural factors. 
Thus, the authors speculated that RQ, which is an index of the balance 
of carbohydrate/fat metabolism, also still has seasonal changes. In addition, 
the fact there was different seasonal variation in the efficiency of 
carbohydrate absorption in the intestine in different countries [5–7] made 
the authors speculate that people living in different regions have different 
seasonally changing patterns in RQ, and a different response to 
environmental or evolutional changes. As a result, the fasting RQ values 
behaved slightly differently in the three groups. What the authors found are 
(1) there was a significant seasonal variation in the fasting RQ only in the 
participants in Osaka, and the mean RQ value in summer was significantly 
lower than that in winter, (2) there were no seasonal changes in total energy 
intake (kcal), fat intake (%), carbohydrate intake (%), and C/F ratio (ratio 
of carbohydrate to fat intake) in Japanese participants, (3) there was no 
correlation between the fasting RQ and energy, fat or carbohydrate intake, 
as well as C/F ratio in Japanese and Polish groups, (4) there was a common 
feature of the mode of seasonal change in body fat percentage in the three 
different populations, where body fat percentage was relatively lower in the 
hotter than in the colder seasons, and (5) there was the borderline 
probability that the seasonal change of body fat percentage correlates with 
that of the fasting RQ in Japanese and Polish participant groups. These 
findings show that the observed seasonality of body fat percentage in 
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young female students can be a physiological adaptation to a seasonal 
change of environment. Since RQ is an indicator of the ratio of 
carbohydrate and fat oxidized, the authors postulated that the seasonal 
variation of RQ has a correlation with that of body fat percentage, however, 
the correlation the authors found was not significant. Previous studies    
[9, 10] and the authors’ findings indicate that the seasonal effect on the 
balance of carbohydrate and fat metabolism has become smaller in 
environmental changes from more food-scarce and less artificial to an 
endless food-supply and well controlled one. And our physiological 
mechanism seems to be manipulated or overridden by environmental 
(seasonal) factors, like biological checks and balances which are controlled 
by social and cultural factors [4], but the degree of the environmental 
influence on RQ is much smaller than that of the impact on biological 
response. Moreover, the author may be so bold as to say that our 
physiological action is more adaptable to environment than genetics.  
 
There was no significant seasonal change of body weight in Japanese 
and Thai participants, whereas significant seasonal changes in body fat 
percentage were found in three countries (Chapter 2). In Chapter 3, the 
authors re-investigated the seasonal change in body composition, including 
body fat percentage, body weight and BMI, of Japanese and Thai 
participants wearing the same clothes for every examination throughout a 
year. At the same time, the authors examined the effect of daily physical 
activity on body fat percentage to look for the major causes of seasonal 
change in fat accumulation in young university students. In Chapter 3,   
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the authors analyzed the relationship between variables examined with 
multiple regression referred to ‘Calculating correlation coefficients with 
repeated observations：Part 1—correlation within subjects’ of Bland and 
Altman [11]. The authors also used it in the study of Chapter 2, because 
what the authors wanted to know was whether a change in an independent 
variable (e.g. an increase in daily step counts) within the individual was 
associated with a change in a dependent variable (e.g. a decrease in body 
fat percentage) and not whether subjects have high values of an 
independent variable (e.g. an increase in daily step counts) tending to have 
low values of dependent variable (e.g. a decrease in body fat percentage). 
From the viewpoint of maintaining one’s healthy weight, the importance of 
this perception is emphasized. 
Japanese and Thai participants showed different results. Japanese had 
a significant temporal change in body fat percentage whose changing 
pattern was the same as that observed in the authors’ previous study 
(Chapter 2), and a significant and negative association between body fat 
percentage and the steps per day was observed among the Japanese 
participants. In contrast to the result of Japanese participants, there was no 
significant seasonal change in body fat percentage or correlation between 
body fat percentage and the steps per day among the Thai participants. No 
significant correlation between body fat percentage and steps per day may 
be explained by less daily physical activity as well as the shorter time or 
strength of physical activity than those of Japanese participants;       
den Hoed and Westerterp [12] found that body fat percentage was 
positively associated with low intensity physical activity and negatively 
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with moderate and high intensity physical activities and concluded body fat 
percentage was negatively associated with all physical activities with a 
higher intensity than that associated with walking at 3.5 km/h. In addition, 
Irving et al. [13] and Martinez et al. [14] also mentioned the intensity of 
physical activity. Irving et al. [13] found there was a significant reduction 
in total abdominal fat, subcutaneous abdominal fat and abdominal visceral 
fat in subjects who participated in high intensity exercise training, whereas 
there were no significant changes within the control or low intensity 
exercise training groups. Martinez et al. [14] reported that when the 
thresholds were examined by intensities, the moderate intensity physical 
activity cutoff points did not significantly discriminate among weight and 
body fat categories, whereas vigorous intensity physical activity always 
found significant cutoffs. Moreover, Schoeller et al. [15] found that the 
relation between physical activity and weight gain was not linear but 
showed a threshold-like relation for weight control and the threshold 
corresponded to 80 min/d of moderate-intensity physical activity. 
Considering that 30 min of minimally moderate-intensity physical activity 
translates directly to approximately 3,000 steps [16], this can be translated 
to about 8,000 steps/day. Similarly the result of study by Mestek et al. [17] 
suggests that college-aged women taking less than about 7,400 steps/day 
have a higher body fat percentage than do their more active peers. The 
mean number of steps of Japanese students through the observation was 
9,700.6 ± 3,377.2 and this is almost the same as the result of study by 
Oie et al. [18], in which the number of daily steps of female university 
students in metropolitan area Tokyo was 9,790. On the other hand,      
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the number of daily steps of Thai students was 6,510.7 ± 2,332.1 and it 
was significantly fewer than that of Japanese (t = 7.897, P = 0.000). And 
the length of time of sedentary intensity activity of Thai students was 
significantly longer than that of Japanese students, while those of light, 
moderate and vigorous intensity activity of Thai subjects were significantly 
lower than those of Japanese subjects (data not shown). These factors 
indicate the intensity or volume of physical activity is an important factor 
of physical activity and the possibility that there is a threshold of daily step 
counts for body fat percentage and it exists somewhere between the number 
of steps of Japanese and Thai participants. 
Even though there was a significant association between steps/day and 
body fat percentage in Japanese subjects, there was no significant 
relationship between physical activity and body weight and BMI.    
Mitsui et al. [19] examined the relationship between physical activity and 
body fat percentage and BMI in the Japanese population. Their results 
indicated there was a significant relationship between steps/day and body 
fat percentage and BMI (r = −0.292, P = 0.0014 and r = −0.217, P = 0.018, 
respectively), but weak compared to Caucasian (r = −0.713, P < 0.0001 
and r = −0.417, P = < 0.0001, respectively) [20] and African-American 
women (r = −0.5065, P < 0.001 and r = −0.4794, P = < 0.001, 
respectively) [21]. They noted that a possible cause was that the degree of 
obesity was mild in most Japanese and the effects of physical activity on 
body composition may differ according to race. This could be the same for 
the authors’ results whose participants were relatively slim. Race and the 
degree of obesity or body shape can somehow affect the relationship 
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between physical activity and body composition. This ethnic-specific 
aspect was also observed in the positive relationship between body fat 
percentage and BMI [22]. The authors also found significant and positive 
correlation between body fat percentage and BMI among both Japanese 
and Thai participants. Of course the authors should consider the 
contribution of lean body weight to body weight (and a BMI [23]),     
the authors’ present study confirmed the importance of a certain level of 
daily physical activity for controlling BMI and for maintaining healthy 
weight.  
 
In Chapter 4, the authors looked at obesity from the viewpoint of 
dietary intake. Since the authors found that macronutrient intakes of the 
Japanese and Polish participant groups showed little seasonal changes and 
reflected characteristics of each country’s dietary habits, in which Polish 
participants take in more energy, protein and fat and fewer carbohydrates 
than Japanese participants do (Chapter 2), the authors analyzed the food 
group intake data and the dietary patterns of female Japanese and Polish 
university students more closely. Moreover, the perspective on 
‘westernization’ was added because there are changes in food intake in both 
countries and it seems to have unfavorable effects. Since foods are not 
consumed in isolation, dietary patterns seem to affect health more than the 
consumption of individual foods and nutrients, and dietary pattern research 
based on natural eating behavior may be useful in understanding the dietary 
causes of obesity and in helping individuals trying to control their weight 
[24, 25]. The assessment of dietary patterns gives a more accurate vision of 
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food intake in daily life than studies of isolated nutrients, and public health 
recommendations, and has become increasingly popular as an alternative or 
complementary method in nutritional epidemiology [25, 26]. As a result, 
some cultural and regional differences in eating habits were observed 
between Japanese and Polish female students this time as well as in the 
authors’ previous study (Chapter 2). For example, it is well known that 
Japan is a marine and fishery country surrounded by a long shoreline, 
which leads to the greater seafood intake of Japanese. In addition, the 
authors’ survey showed Japanese students consumed more foods in the 
snack group than Polish students. This higher consumption of snacks may 
be related to the report by Murakami et al. [27] that there was a clear 
relationship between the number of neighboring food stores and        
the consumption of confectioneries; the more convenient the neighborhood 
store is (such as confectionery stores/bakeries, supermarkets, and grocery 
and convenience stores), the higher the intake of confectioneries. These 
facts were reflected in the present result because Japanese students who 
participated in the present study were living near downtown Osaka City 
where the access to food stores was more convenient than for Polish 
students. In Poland, the intake of sugar was also high. In the past, 
Serra-Majem et al. [28] reported the high intake of sugar in Poland. 
Byrd-Bredbenner et al. [29] also reported that the availability of sugar was 
higher in Poland. It cited the popularity of home baking and home 
production of jam and marmalades as the reason for the greater availability 
of sugar. Jam and marmalade included in the sugar food group were usually 
eaten with bakery products which are their staple food. Moreover, in the 
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West such jam and marmalade is often served with meat dishes. These 
indicate that relatively high consumption of sugar might be related to their 
food intake pattern. Moreover, there were interesting results which 
reflected the features of each country. The food group of meat and meat 
products was consumed equally by Japanese and Polish participants, but, 
the Japanese preferred poultry, pork and beef, which are more familiar to 
Japanese dishes and Polish participants more frequently ate offal and 
processed meat products, which are suitable for bakery products. Pate 
included in offal in the Polish food group is often prepared with bread. The 
results clearly pointed to the ‘traditional and typical’ dishes and products of 
both countries. These features were reflected in the dietary patterns 
observed. Among the Japanese students the following dietary patterns were 
identified: ‘traditional Japanese’, ‘sweets & beverages’ and ‘western’, and 
among Polish participants: ‘prudent’, ‘western’ and ‘sweets & alcoholic 
beverages’. The authors’ results suggest that the spread of the ‘western’ 
dietary pattern and diet diversification was observed in Japanese and Polish 
participants, but the cultural influences on habitual food intake in both 
participants are more deeply rooted, and the extent of diet westernization 
seems to be smaller among Japanese participants compared to the Polish 
participants. In light of the percentage of variance (%) and identified 
factors, it might be more appropriate to call the authors’ derived results 
relating to dietary patterns a ‘globalization’ or ‘diversification’ rather than 
‘westernization’. However, this trend of diet revealed in young Japanese 
and Polish females may be alarming from the viewpoint of public health. 
Recently, Weicert et al. [30] noticed that a high-protein diet, contrary to an 
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isoenergetic high-cereal-fiber diet, may contribute to impaired insulin 
sensitivity. The adverse effect of a high-protein high-fat diet on one’s health 
was lately signaled by Newgard [31], who linked that dietary profile with 
the development of metabolic dysfunction in multiple tissues.  
 
From the viewpoint of the relationship to body fat percentage,     
the authors can conclude from the results so far obtained that          
(1) the seasonality of RQ as a physiological mechanism has become 
smaller and the effect on body fat percentage has dwindled at the same time, 
(2) daily physical activity plays an important role in the seasonal variation 
of body fat percentage and the different level of physical activity might 
affect body fat percentage differently, and (3) even though the authors’ 
participants have nutritional knowledge and most of them were non-obese, 
the ‘western’ dietary pattern which is related to obesity was found in both 
groups and this means there is the possibility that a greater impact of 
dietary westernization can be seen among people less nutritionally educated 
or who are not normal weight. 
 
Finally the author would like to summarize and propose from      
the present thesis the following: 
(1) The increasing tendency of body fat percentage in autumn and winter 
and the seasonal change in the balance of carbohydrate/fat metabolism 
indicate that there is a ‘natural’ and ‘adaptive’ variation in body fat 
percentage. 
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(2) Daily physical activity has a relatively big impact from the viewpoint of 
the change of body fat percentage.  
 
(3) The ‘traditional Japanese’ and ‘prudent’ types of dietary patterns were 
derived as a first factor in Japanese and Polish participants, respectively. 
At the same time, the ‘western’ type of dietary pattern which was 
observed in even nutritionally educated and non-obese participants is 
highlighted. This indicates the potential risk that the globalization of 
food intake which may cause overweight or obesity is more widely 
spread in these populations. It will be interesting to see the relationship 
between the dietary pattern and body composition individually in the 
three countries to see the exact effect of dietary pattern on their body 
composition.  
 
(4) For the young, especially for female, it should be expressed that (1) and 
maintaining healthy weight does not mean keeping their weight the 
same through the year. Taking these points into account, two tips for 
the approach to a healthier life of the young can be drawn from this 
thesis.  
1. ‘Healthy Japan 21 (the second)’ by the Japanese Ministry of Health 
and Public Welfare [32] set a national goal of 9,000 and 8,500 
steps/day for male and females, respectively, to promote health in 
Japan. This promotion is coincident with the authors’ results, 
therefore, popularizing ‘Healthy Japan 21 (the second)’ and 
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stimulating daily physical activity among the younger generation 
are very important.  
2. Since it can be said that these results show the efficacy of 
nutritional education for the young female students, dietary 
education should be taken regardless of age, sex, health status, and 
the level of nutritional knowledge or their weight.  
 
(5) There are a lot of obesogenic studies with the growing number of cases 
of overweight and obesity, but there are few international studies like 
the present studies. Establishing an international standard method for 
the evaluation of exact body composition or food intake is needed. 
Concerning the relationship between dietary habits and health,  
Deutch et al. [33] revealed that overweight was not found to be 
correlated with western food composition in Greenland, where as 
Mexican had connections between the westernized dietary pattern and 
abdominal or overall obesity [12]. As for the relationship between BMI 
and physical activity, Hemmingsson and Ekelund [34] found different 
results in obese and non-obese participants. Thus, further works using 
multiple regression which consider individual variations and focusing 
on obesity or underweight level are also needed in the whole field 
including physiological function, food intake, and energy expenditure 
to develop a more efficient approach for maintaining healthy weight 
among young people.  
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